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PREFACE. 



The located line for railway is a series of curves and 
straight lines, or tangents. These are first plotted to a 
large scale from data gathered on preliminary survey. It 
is therefore desirable that all explorations should be made 
with extreme care, as upon their correctness depend, in no 
small degree, the labour and time required in location. 
It were better for accuracy that all angles should be made 
and recorded from the plates, and the needle used only as 
a test, or check. Good chaining is indispensable. Great 
attention, too, should be given to the proper use of the 
slope instrument. By these means a working map can be 
constructed in the office upon which the proposed location, 
grade lines, kc, may be traced with tolerable resemblance 
to fact. Still many errors attach to both data and map, 
and these, together with the unexpected obstacles encoun- 
tered in the field, require ready knowledge of the means 
for overcoming them. 

It has been my design to present this knowledge to my 
younger fellows in the profession. I have endeavoured 
(3) 
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do it lucidly and concisely — without supposing unusual cases 
— without prolix proof or complex figuring. The problems 
given are of frequent occurrence, and the tables appended 
will be found useful and correct. 

To Strickland Kheabs, a gentleman whose professional 
abilities are well known, I return thanks for valuable 
assistance. I would likewise make my acknowledgments, 
for useful suggestions, to Ceubi.ES Delisle, an engineer 
of high mathematical attainment. 

I am aware that much more might have been said — 
much more suggested — on. the subject of location; but a 
field book being the object, the compact plan precluded 
any extensive essay. 

If the work with brevity combines clearness, and is 
comprehenBive withal, it is the work intended. 

W. F. Shdnk. 
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EXPLANATIONS. 



All railway curves are parts of circles. They are 
designated generally from their character as simple, 3om- 
pound, or reverse ; and specifically from the central angle 
subtended by a chord of 100 feet at the circumference, 
this being the length of the chain in common use. It 'ia 
found that the circle described with radius of 5730 feet 
has_a circumference of 36,000 feet. Since there are 360" 
in the circle, the central angle subtended by a chord of 
100 feet is, in this case, equal to 1°, and the curve is 
named a one degree curve. So likewise in a. circle with 
radius of 2865 feet, half of 5730, the central angle cor- 
responding to the chord 100 is 2°; the curve is then called 
a two degree curve. 

The beginning of a curve is called the point of curva- 
ture, or simply the P. C, and its termination the point of 
tangent, marked P. T, 

A compound curve is composed of two curves of different 
radii, turning in the same direction, and having a common 
tangent at their point of meeting. This point is called the 
point of compound curvature, or P. C. 0. 
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A reverse curve is composed of two curvM tarning in 
different directions, and having a common tangent at their 
point of meeting, which latter is named the point of re- 
versed curvature, or the P. R, C. 

All aines and tangents made use of in this work are 
from the table at the end of the volume. For calculating 
curves it is not necessary to use more than four decimals. 

A Bench is a shoulder hewn with the axe on the but- 
tressed base of a tree, and so shaped at the top as to afford 
footing to the rod. The tree is blazed and the elevation 
of the bench marked on it with red chalk. Fenches serve 
as permanent reference points to the level. They are 
placed, where it is possible, about one thousand feet 
apart. 

Pointe. The operation termed pointing is the fact of 
putting a peg firmly into the ground, and of driving in its 
top a tack, or making thereon an indentation whose place 
ia indicated by cross keel marks, directly in the line of col- 
limation of the transit. Thus true lines are traced on the 
ground, and angles measured accurately. When the transit 
is set over a point it is so posited that the plumb lurngs 
immediately above the tack head. If the head plate of 
the tripod be much inclined the plumb should be examined 
after levelling the instrument, as that operation disturbs it 
to some extent. 

Stations. The line of a survey is marked on the ground 
at regular intervals, by stakes two feet in length, blazed, 
and numbered from up in arithmetical progression. 
These stakes are named stations. On exploration they 
are commonly placed two hundred, and on location, one 
hundred feet apart. 

It is customary, when locating, to drive pegs even with 
the surface along the true line, and to place the stations a 
couple of feet to the right, numbers facing in, to show their 



EXPLANATIONS. 9 

position. The pegs are less liable to dtBtarbance from frost, 
animals, &c. 

In locating for construction stakes are driven on sharp 
curves at intervals of 50, sometimes 25 feet. 

The Chain in general use for railway surveys is made 
of soft iron. It is 100 feet long, and divided into 100 
Jinks, each one foot in length. At every tenth link is 
attached a brass drop, toothed bo as to indicate its distance 
from the end. It presents the advantages of durability, 
accuracy, and expedition. 
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A PRACTICAL TREATISE 



RAILWAY CURVES AND LOCATION. 



ARTICLE I. 
OF THE INSJRUMENTS. 



THE LEVEL. 

The level ia an instrument used in ascertaining the 
undulations of the ground 
along the line of a survey, 
and of measuring these ir- 
regularities atieurately in 
reference to an assumed 
base called the datum. It 
consists mainly of the 
telescope k i, the spirit- 
level and its encasement 
b, the Y'a e e, the rectan- 
gular bar d, the axis e, the plates and levelling screws 
/ m, and the tripod g. 

In the tube of the telescope at /*, and at right angles to 
its axis, is placed a flat ring, called the diaphragm. To 
this ring the cross-hairs are attached — two delicate spider 
lines stretched over- it vertically and horizontally, and inter- 
secting at the centre. It is held in position by four 

(11) 
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12 RAILWAY OUHTES AND LOCATION. 

slightly movable 8crews, which pierce the tube in the 
direction of the "cross-hairs." * is a milled head for 
adjusting the focus of the object glass, and k an inserted 
tube, containing several lenses, which may be moved out 
or in so as to make the spider-lines distinctly visible. 

A straight line looked along from the eye glass at k 
through the intersection of the cross-hairs is the line of 
sight, technicaliy named the line of eollimation. 

The immediate supports of the telescope are called the 
T's, from their resemblance to that letter. If a small arch 
were sprung between the two legs of the Y it would give 
s good idea of the clasping pieces which hold the telescope 
in place. Tliey are jointed to one leg and secured to the 
other by pins which may be withdrawn and the pieces 
turned back in order to rembve the telescope, or change it 
end for end. 

The T's are attached at right angles to the bar d, which, 
again, is connected firmly at right angles with the hollow 
axis e. This latter fits closely over and is revolvable hori- 
zontally around a solid axis s, which, passing through the 
plate/, is secure)^ to the head of the tripod by means of a 
loose ball-and-socket joint. The plate/ has four levelling 
screws inserted in it; with these the instrument may be 
brought to a horizontal position even when the lower plate 
is considerably inclined. 

One of the Y's is movable for a short space up or down 
by means of the capstan-head screw o. The spirit-level is 
likewise movable both vertically and laterally by means of 
screws at either end. 

M is a clamp screw, and p a tangent-screw for slightly 
turning the telescope in a, horizontal direction. 
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To adjust the Level. 

First. To make the line of coUimation coincide with the 
xxis of the telescope. 

Set the instrument firmly, and direct the telescope 
toward some distant, distinct object, such as a nail-head. 
Clamp fast, and with tangent-screw fix the line of coliima- 
tion upon the ohject accurately. Revolve the telescope 
half way round in the Y's, i. e. until the bubble is above 
it, and if the horizontal spider-line still covers the point, it 
requires no adjustment. If it does not, reduce the error 
one-half hy means of the diaphragm screws, and complete 
the reduction with the capstan-head screw. Revolve the 
telescope round to ita first position, and if the horizontal 
line and point do not then coincide, repeat the operation 
until they do, in any position of the telescope. In similar 
wise the vertical hair may he adjusted, when the line of 
collimation should cover the point through an entire revo- 
lution of the telescope. 

Great care should be taken in this as well as in all other 
adjustments of cross-hairs, that th« opposite screw of the 
diaphragm be loosened before tightening its fellow, or 
injury to the instrument must result. 

Second. To make the axis of the spirit-level parallel to 
the line of eollimation. 

With levelling screws bring the bubble to the middle of 
its tube, reverse the telescope in its Y's, and if the bubble 
does not then stand in the middle correct one-half the 
deviation with the screw at the left end of the bubble-case, 
and the other half with the capstan-head screw. Again 
reverse the telescope in its Y's, and, if necessary, repeat 
the operation. 

Now revolve the telescope a short distance in its Y's, so 
as to bring the spirit-levei to one side of its lowest position. 
If the bubble deviates from the middle, correct the error 

hov,,.. IV, Google 



14 RAILWAY CURVES AND WCATION. 

with the lateral screws at the right end of the bubble-ease, 
and esamine the previous adjustment before lifting the 
instrument. 

Third. To bring the line of colUmation parallel to tke 
bar. 

Turn the telescope until it stands directly over two of 
the levelling screws, and with them bring the bubble to the 
middle of the tube. Then revolve the telescope horizontally 
until it stands over the same screws, changed end for end. 
If the bubble does not still stand in the middle of the tube, 
correct one-half the deviation with the capstan-head, and 
one-half with the levelling screws. 

Place the telescope over the other levelling screws and 
proceed in a similar manner, and continue the corrections 
until the bubhie stands without varying during an entire 
revolution of the instrument upon its axis. 

This completes the adjustment of the level. 



The rod used in levelling consists of a staff and a target, 
which latter is so attached to the staff as to be movable 
along it from end to end. The rod is commonly seven feet 
long, hut, being composed of two rectangular pieces fitted 
together by means of a sliding groove, it can be extended 
to nearly double that length. It is graduated to feet and 
tenths of a foot. The target is a circle of wood or iron, 
usually four-tenths in diameter, and divided into quadrantal 
sectors by a horizontal and vertical line which intersect at 
its centre. The sectors are painted alternately red and 
white, 30 that their dividing lines are visible at a consider- 
able distance. On the back of the target, where it meets 
the graduated side of the rod, is fixed a chamfered brass 
edging, whereon the space of one-tenth is graven from the 
centre down. This is subdivided into ten spaces marking 
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LEVELLtNO. 15 

hunilredths, and these latter divided into halves, ao that tho 
height of the middle of the target ahove the base of the 
rod may be accurately read to within -OOS of a foot- 
There is a similar graduated tenth on the standing part 
of the rod, to be used for high sights when the sliding 
groove comes into play. 

Both target and rod are provided with clamp screws. 



The operation technically called levelling is performed 
thus ; — 

Suppose a the starting point, or zero, in reference to 
which all the inequalities of the surface along the line of 
survey are measured, as at the poiats c, e,f. The hori- 
zontal line afia called the datum line. This is arbitrarily 



assumed. It may be considered, for example, at any dia 
tance above the point a, and the irregularities of the ground 
measured from an imaginary level line in ether ; but for 
convenience of figuring, and other politic reasons, it is cus- 
tomary in seaport towns to take high tide as datum, ' In- 
land, the summer surface of the nearest stream, or, when 
commencing on a ridge, the highest neighbouring knoll ia 



Well ! suppose a to be aero, and the instrument, for 
natance, set and levelled at 6. Stand the rod at a, and 
'ilide the target up until its croaa-lines are covered by the 
cross-hairs in the telescope ; i. e., until the line of coUima^ 
tion coincides with the centre of the target. The leveller 
directs the movements of the target by raising or lowering 
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BAILWAY CURVES AMD LOCATION. 



his hand. A circular motion of tlie hand signifies " make 
fast." Tlie bubble should always be examined before the 
rod is taken down, and the latter should be read twice, or, 
if convenient, shown to the leveller, in order to guard 
against mistake. If in this ease it reads 8 feet, the height 
of the instrument is then 8 feet above a. To find the ele- 
vation of e above a, take the rod thither and lower the 
target until coincidence results as before. If the rod 
reads 2 feet, of course e is 8 — 2 ;= 6 feet above a. 

If it is necessary to lift the instrument here, a small peg 
is driven at c before sighting to that point, to insure firm 
footing for the rod. Sighting back from the new position, 
d, the rod reads 5 feet; then 5 + 6, the elevation of e 
above a, =^ 11, the height of the telescope at d above a. 
If at e the reading is 6, the elevation of that point is 11 
— 6 ;= 5, and if at / the reading is 8 the elevation of 
that point in reference to a is 11 — 8^3, marked + 3, 

The rule, therefore, in levelling is, at each new stand of 
the instrument, to add the reading of the rod sighted hack 
at, to the discovered elevation of the point at which the 
rod stands, for the height of the instrument ; and to sub- 
tract from this height the reading of the rod at any points 
observed from the new position in order to find the eleva- 
tion of those points. The above ia noted in the field-book 
as follows : 
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OF THE TEANSIT. 17 

The advantages of this method of levelling over the old 
system of backsights and foresights are, that it affords 
readier facilities for testing the correctness of the work, 
and it may be carried on more rapidly. By the old plan 
each sight at the rod was linked with that which preceded 
it, and added one more to a continuous calculation in which 
a single error affected all the following work. Here, how- 
ever, if baste is required, the calculation of the interme- 
diate sighta or "cuttings" may be omitted entirely while 
in the field, the reading of the rod only being set down ; 
the "totals" may be worked from peg to peg, and the lia- 
bilities to mistake thus decreased about eighty per cent. 



OF THE TUANSIT. 

The transit is an instrument for measuring horizontal 
angles. It consists of the tele- 
scope a c, the Y's d, the compass- 
bos, &'c., e g, and the axis h. 
The telescope is furnished like 
that of the level, and the instru- 
ment ia Bimilariy fitted to its tri- 
pod. The telescope revolves in 
a vertical circle, and !s attached 
to the Y's by means of a trans- 
verse axis whose extremities turn in smooth journals at the 
head of the T's. The body of the instrument at / contains 
a magnetic needle, with its usual circular Burronnding, 
graduated to degrees and quarter degrees. The flooring of 
this box has, on one side, an opening with chamfered edge 
upon which the vernier is engraved. This latter, together 
with the telescope, Y's, and all the upper part of the 
instrument, is made to revolve by means of the screw h, 
upon a solid plate beneath, which is likewise graduated 
from to 180° each way. Thus angles may be measured 
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18 

accurately without using the needle at all. it nec<t be 
regarded merely as a cheek, g is a, clamp acrew for secur- 
ing the plates together, and i a screw for fastening the 
needle so as to prevent its vibrations while the instrument 
Ib being carried from place to place. A plumb is suspended 
from the axis of the transit, by means of which its centime 
may be placed over a point on the ground. 

THE VBENIEE. 

The vernier, in the transit, is a graduated index which 
serves to Subdivide the divisions of the graduated arc on 
the lower plate. There are many varieties of the vernier, 
but familiarity with one renders easy the acquaintance 
with alt, since the same general principle is pervading. 




The figure represents a common form. Let a i be part 
of any graduated arc, and c d the vernier. It will be 
observed that the degrees on the limb are divided into 
spaces of 15' each. Now if the vernier be made equal in 
length to fourteen of those spaces, and be further divided 
into fifteen equal parts, it is evident that each of these 
parts win contain 14'. 

Then, if of the vernier coincides with any division of 
the limb, the first line of the vernier to the left will be 
just one minute behind the first line of tie limb to the 
left ; the aeeond vernier line two minutes behind the second 
limb line, and so on; so that if the vernier he moved to^ 
the left over the space of 15' on the limb, the lines from 
to 15 of the vernier would coincide successively with lines 
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of the limb, and tbua any angle may be read accnrately to 



The vernier in the figure reads 48' to the left. A 
vernier graduated decimally is much more convenient on 
railway locations than those with the common graduation 
to minutes. This is principally on account of its adapted- 
ness to running in curves when the 100 feet chain is used. 
The work can be done with more ease and rapidity. One 
objection to it is that the tables in general use are calcu- 
lated for degrees and minutes. 

TO ADJUST THE TItAHSIT. 

Place the instrument firmly at- a, level it, clamp all 
fast, and with tangent-acrew set the cross-hairs on the 
point b, at any convenient distance. Reverse the telescope 
on its axis, and fix another point in the opposite direction. 



as nearly as possible equidistant from a. Now loose the 
lower clamp and revolve the entire upper part of the 
instrument half way round on its axis. Clamp fast, and 
having brought the cross-bairs again to coincide with 6, 
reverse the telescope. If the sight strikes as before, the 
instrument is in adjustment. If not, place another point, 
d, where it does strike, and suppose e to be the point pre- 
viously fixed : the point e, midway between d and c, is then 
ill the straight line. With the adjusting pin carefully 
place the vertical cross-hair upon /, distant from d one- 
quarter of the space d e — with tangent-screw set it on e, 
and reverse the telescope. If the points have been cor- 
rectly placad, and the hair properly moved, the sight will 
strike b, and the adjustment is complete. 
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20 KAILWAT 0UEVE8 AND LOCATION. 

After finishing this adjustment, the telescope may still 
not revolve truly in the meridian. This inaccuracy there 
is no method of removing in the field. It should be sent 
to an instrument-maker for repairs. 



ARTICLE II. 

PRELIMINARY PROPOSITIONS. 

1. In any circle the angle o cf at the centre, subtended 
by the chord o/, is double the angle o a/, at any part of 
the circumference on the same side of the chord. 




2. The anc/le fbe, formed by any chord fb, with a 
tangent at either extremity, is called a tanyential angle; 
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and is equal to half the angle / c 5 at the centre, or ia 
equal to the angle/ a h at the circumference. 

3. The exterior angle dbf, formed at the circumference 
by the two equal -chords a b, bf, is called a deflexion angle, 
and is equal to the central angle b cf, or double the tan- 
gential angie e bf. df is called the deflexion distance, 
and efthe tangential distance. 

4. The exterior angle p o m o{ two unequal chords, is 
equal to the sum of their tangential angles, or half the sum 
of their central angles. 

5. The exterior angle i k o, formed by tangents, is equal 
to the central angle b c o, subtended by the chord which 
connects their points'of contact with the curve. 



ARTICLE ni. 

TO AVOID AN OBSTACLB IN THE LINE OF TAHGBNT. 

A GLANCE at the figure will show, that having deflected 
to 0, and placed the instrument at that point, the angle 
hod must be made equal to twice dbe, and the distance 



e d equal to the distance J c. Still another deflection at 
d, equal to the original angle turned, is necessary in order 
to sight again along the tangent. 

Should the obstruction be continuous a parallel line 
may be run, as from e to /, by deflecting at c an angle 
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equal to that at b, and at /, repeating the deflection in 
order to strike tangent. 

If the angle dbo exceeds 4°, and the distance 6 e is 
greater than 200 feet, — or even with an angle of 2J°, 
should the distance be greater than 300 feet, — be will 
differ sensibly in length from b ff, and a calculation of the 
latter becomes necessary. To effect this, multiply the 
natural cosine of the angle kbo by be. Thia result 
doubled will give bkd, the length proper along tangent. 

Thus : — Suppose kbc, the angle deflected, to have been 
5°, and the distance b e 340 feet. Then -9962, the natural 
cosine of 5°, multiplied by 340, gives 338'7 for the dis- 
tance b k. Double this makes bkd = 677'4, and shows 
a difi'erence of 2'6 feet between h d and bed. 



ARTICLE IV. 

SHOULD THE OBSTRUCTIOH LIB ON THE OPPOSITE BANK 
OF A BTBEAM, 

And it is desirable on any account not to run the line 
from d, corresponding to a d, set the 
instrument at a, in tangent, and deflect 
clear of the obstacle to d. Point at d, 
deflect to e, and point also there — 
marking the angles cad, dae. Chain 
the base d e, and placing the transit at 
e, measure the angle (ie a. Data are 
thus obtained sufficient for th6 calcula- 
tion of the line d a. The object now is 
to find the point o and the angle dca. 
The angle a d e subtracted from 180° will supply the 




AVOIDING OBSTACLES. 23 

angle c da, bo that in the smaller triangle we have 
obtained two angles and their included side. The dis- 
tance ed, and angle dca readily follow. The transit 
standing at e, c is placed, of course, in the prolongation 
of the base d e, and the distance cd is carefully set off 
with the rod. Moving the instrument to c, and turning 
the angle ecf ■= 180° — dca, we are again in tangent. 

Example. — Let oad ^ Q°, dae ^ 35°, dea = 42% 
and the base de^^ 200 feet. Then in the triangle dea 
we have 

Nat. sine dae= (-5736) : nat. sine dea = (-6691) : : 
de = (200) : d a, 

^ ■ '6691 X 200 

Wherefore, da = — ^g ^gg = 233-3 feet. 

Again, the angle cda = 77". The angle d a c being 
= 6°, a d is cooaequently ^^ 97% and in the small triangle 
we have, Nat, sin. a e d == ('9925) : nat, sin. e a d = 
(-1045) ::da = (233-3) : e d. 
•1045 X 233-3 
Therefore c d = — —^ = 24-564 feet, and d ef 



■9925 



ISO' — 97° = 8 



Note. — A common and convenient plan for triangnlat- 
ing a creek is as per figure. Set the in- ^ 
strument at 6, fix a point d on the oppo- 
site shore, and making dbca right angle, 
place c at any convenient distance. Now 
move to c, sight to.<:^, and making dean 
right angle also, fix a, in the same line 
with b and d. a, c, and d are points in 
the circumference of a circle whose di&> 
meter ia a d, ab : b c : : h o : h d, and therefore hd 
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ARTICLE T. 

HAVING GIVEN THE ANGLE edh, FORMED BT THE IHTEESBC- 
TION Off TWO STRAIGHT LINES, IT IS REQUIRED TO FIND 
THE POINT a OR 6, AT WHICH TO COMMENCE A CURVE OF 
GIVEN RADIUS. 

Draw the bisecting line d c. Then the angle do ct =: 
half the angle aeb or its 
equal edh; and in the tri- 
angle de a, the angle dao 
being a right angle, we have 
Rad. of 1 : Nat. Tang. 
deaiR&d. ea: ad. There- 
foire ad = Nat. Tang, dca 
X Bad. a. 

Example 1. — Let edh 
= 48" and ae = 1460 
feet. Here half the angle 
edb or ach = 24% the 
Nat. Tang, of which is -4452 ; and multiplying by Rad. 
1460, we have 650 feet for the length of ad or db, the 
tangents. 

2. — ^ ad he given and radius required, — 
ad 650 

■ -4452 " 




Bad. 



= 1460. 



' N;it. Tang. aed~ 

The following rules are approximate, and sufficiently 
correct for all purposes of location. 

To find the degree of curvature of a S divide 6730 by 
the radius in feet ; and to find the length of the curve in 
feet divide the angle ach (after reducing minntea to hun- 
dredths) by the degree of curvature — the chord in each 
case being 100 feet in length. 



n TKAC£ A OD&TE. 



ARTICLE VI. 

TO TiiOJ 4 COBVa WITH TEAKSIT AND CHAIS. 

Thk degree of curvature and the angle to be turned are 
known. If the latter is expressed in degrees and minutes, 
reduce the minutes to hundredth^, since the 100 feet chain 
is used, ^pd divide the whol^ angle hy the degree of cur- 
vature- Tbe quotient will be the length of the curve in 
feet, and the P- "£■ is at once ascertained. 




Let m d be the tangent, and a the .P. C Place the 
transit at a, index reading D, and direct the eight along 
.he .tapgeat mae. Tbe first deflection ;wiU be half th9 
cfsattnl angle subtended by the chord used, sJid all the 
stakes put iu from 9 yii\l he £xed bj similar tangential 
defleotioBS. (jPneliw- Prop. 1.) 
3 
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When the point d is reached, the angle dah, shown 
on the index, will be half the angle dbe, or its equal 
aod, at the centre. Move the inatrument to d, sight 
back to a, and turn to double the index angle. The 
telescope is now directed along the tangent hdg, and 
the angle dbe = aed=-dab-{-adb, reads on the 
index. Note this angle in the column of tangents oppo- 
site station d. Continue the curve from this new posi- 
tion, precisely as waa done at a, and set the point A. 
Move to A, see that the vernier has not been disturbed, 
and sight back to d. The index now shows the angle 
(dbe 4- ^dg), and the object is to turn the angle d hf, 
i, e. repeat the angle fdk, aa wfts done before at d, and, 
at the same time, have the whole angle (dbe -\- hfg) 
indicated on the plate. To effect this, merely add this 
angle fhd to the present reading. It will be found sim- 
pler, in practice, to double the entire angle thus far turned, 
and subtract from the product the last tangent, viz, dbe. 
The vernier, turned to this resultant angle, will put the 
telescope in tangent line to A. And so on. 

Example. — " At sta, 24 + 50 commence a 4° curve to 
the left for 35° 12'." Suppose this a required duty. First, 
reducing minutes to hundredths, we have 35'''20, which, 
divided by 4°, gives 880 feet for the length of the curve. 
Adding 880 to 24 + 50 it is at once seen that eta. 33 + 30 
ia the P. T. 

Let a be tie P. C, = 24 + 50. Now the deflexion 
angle being 4°, the tangential angle is 2°, with a chord of 
100 feet. With a chord of 50 feet, therefore, the tan- 
gential angle is 1°, and this deflexion from tangent ma e 
fixes station 25. A deflexion from this latter point of 2°, 
the chord being 100 feet, fixes station 26. And bo on. 

When you have fixed the point d, ^ sta. 28, the index 
reads 7". Move up to station 28, sight back to the P. -C., 
and turn the index to 14°. This throws you on tangent 

„.,,..,, Google 



TO TBACE A CnRVE- 2< 

Proceed fts before, with the 2° deflexions, to «ta. 31, = k. 
Move up, and sight back to sta. 28. The index now reads 
20°. Multiplying by 2, and subtracting the last tangent, 
we have the reading of the tangent at ft ^ 26° : we have 
turned 26° of the curve. Continue as before. After 
putting in Sta. 33, to find the deflexion which shall fix the 
P. T., 33 + 30, say, as 100 feet : 30 feet : : 2° : the re- 
quired deflexion, = 36'. We may here remark the great 
convenience of an instrument graduated to hundredths of 
a degree instead of sixtieths. In the present example it 
would be seen immediately that the tangential angle for 
100 feet being 2° for 1 foot it would be 2 hundredths of 
a degree, and for 30 feet it would be 60 hundredths. 

Well ! when the P. T-., = 33 + 30, is fixed, the index 
reads 30° 36'. Move up, see that the vernier has not been 
disturbed, and sight back to sta. 31. Now twice the index 
reading, minus the last tangent, = 61° 12' — 26°, = 
35° 12*, the present tangent, which is the final tangent, 
which finishes the curve. 

The advantage of this manner of running a curve is that 
the instrument shows at a glance the work done, and there- 
fore errors may be detected with greater facility. By 
comparing at the P. T. the total index angle with the 
distance run, the work is tested at once. 
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The above is recorded in the field book as follows :- 
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In running compound and reversed curves the operation 
is quite as simple as the foregoing. A point is fixed at 
the P. C. C, or P. R, C, and turning into tangent at 
that point, the second curve is traced from this tangent, 
without regard to what precedes. In reverse curving, it 
is a good plan to adjust the index in snch manner at the 
P. R. C-, that when we turn into tangent it will read 0. 
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This Bares troiibleBome work, and it ia advisable mor^*<iver 
to abow in the field-book the contained angle of each curve, 
as well aa the test of the two tangents with the magnetic 
course. 



ARTICLE VU. 



TO TRIANGULATE ON A CURVE. 



Set the transit at a, and, as usual, sight back, and turn 
into tangent. Estimate the distance to the farther bank 
— do it liberally — and make a deflexion around the curve, 
correaponding to your estimated distance. Fix a point h 
in this line. Measure aoj convenient angle, bac, and set 




the point c. Move to b, measure the base i c, the angle 
ft £ c, and, before lifting the instrument calculate the line 
b a. If the angle turned from tangent to d exceeds 4°, 
and the distance is greater than 200 feet, the chord a d 
mual also be calculated, as per example, and the difference 
between this and b a will be the distance bd io the point 
d, in the curve, which can be fixed from b. 



. ^.00)i\^ 
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Should h fall between d and a the operation ia analogous. 

Example. — Let « be a point in a G° curve. Having Set 
the transit, and turned into tangent, the distance to the 
farther Verge is estimated 400 feet. The tangential angle 
for 100 feet ia 3°, and to fix d, 400 feet distant, is conse- 
quently 12°. Deflect this angle, fix a point in line, and 
complete the triangulation, as previously illustrated in 
Art. IV., p. 22. Suppose a b found equal to 472 feet. 
Now the tangential angle to d = half the central angle, 
= fea, = 12° ; and to find the length of the chord a d, 
we have, in the triangle efa. 

Bad. : Sin. aef::ea: af, that is 

Bad. of 1 : Nat. Sin. 12° : : 965-4, the Rad. of the 6° 
curve : half the chord required. Wherefore a d = twice 
the Nat. Sin. 12° X 955-4 = -2079 X 2 X 955-4 ^ 
897-25 feet. Subtracting this from 472, we haYfe the 
distance, 74-75 feet, back to the point in the curve. Move 
the instrument to d, set the index at 12°, sight hack to a, 
and turning to 24°, the telescope is in tangent. A deflexion 
of 3° win fix the next station. 

Note. — In this case, if preferred, a third proportional 
might be formed with the chord of crossing, as shown in 
the note to Art. IV. 
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AUTICLE VIII. 



to chanflb the origin op aky cchve, bo that pt suall 
Terminate is a tangeitt parallel to a oiven tan- 

SEXT. 



Let d/bethe located curve, terminating m'a iingent Ji, 
and the nature of the ground requires that it "shonld ter- 
liiihdite in the tangent e «, parallel ■to '/*. At /, the tele- 
scope -beiug directed along the 'tangent fi, tain to the 




right an angle equal to the central angle d hf, previously 
turned to the left on the curve. Thia will direct the tele- 
Bcope along e/,'parallel to (?7. MeaBnre ef, and go back 
on th'e'tahgent, dl, & 'distance, c d,'ecfual"to ft. The curje, 
retraced from'ffdnd conBumirig the siam'e angle, Vill termi- 
nate tangentialty in e i. Au example in thia ctiae is not 
necessary. 
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ARTICLE IX. 

TO CHANGE A P. C, C. SO THAT THE SECOND CTJllVB SHALL 
TERMINATE IN A TANGENT PARALLEL TO A GIVEN TAN- 
GENT. 

Let ah dh& the compound curve, located and terminat- 
ing in the tangent d h. Continue the larger curve to e, 
and from e, with radius el ^ kb, describe the curve ef, 
terminating tangentially in f g, parallel to dh. From c, 
the centre of the larger curve, let fall upon fff the perpen- 




dicular eg, and fill up the figure as above. Call the radii 
respectively R and r, the angle hkd, or its equal, hem, 
X, and the angle e If, or its equal, Icn, y. Let the dis- 
tance if, or hg, be named D. Now the line eg \s made 
up. of the lines cm -{- mh + kg, i. e., eg ^= cosin. x 
( R — r) + r -\- D. eg is also made up of the lines e n 
-\-ng, i. e., eg = cosin. y (E — r) -\- r. Therefore cosin. 
x{R — r)-\- r + J) = cosin. g{B. — r) + r, and reducing. 



TO CHARGIE A P. C; C. 33 

cosin. a; (R — ?■) + D , , ,. 

C08111. y = T5 ; ; so that the distance if, 

\a. — r) 

or hg, measured rectangularly between the two taDgents, 
beiDg added to the nat. cosin. x, will give the nat, cosin, of 
the angle e If, to be turned on the smaller curve. The 
angle y, subtracted from the angle x, gives of course the 
angle J c e, to be advanced on the larger curve ; or, divid- 
ing this angle by the degree of curvature of a b, we find 
the distance from J to e the P. 0. 0. proper. 

If ef be the second curve located, and the tangent to be 
touched Ilea within, it is evident that we must retreat upon 
the large curve, and, by »uhtracting D from the coswe of 
the angle y, we obtain the cosine of the angle x. 

Example. — Suppose ab a. W curve located, and com- 
pounding, at b, into a 6° curve> which latter is continued 
to the right through an angle of 42°. At the P. T. we 
discover that the proper tangent is 64 feet to the left. 
We must throw our curve out, then — we must advance on 
the 3° curve a certain distance. How to find this distance: 
Tbe radius of a 8° curve = 1910 ; the radius of a 6° curve 
= 955-4; E — r, therefore, = 954-6. The nat. cosin. 
4-2° = -7431. Now, by the formula just obtained, we 
COS. J (R — r) + D (-7431 X 954-6) -f 64 

have 777 r = ^ f... ,. - ' =: 

(R — r) 954-6 

•8101 = nat. cosin. 35° 53'. Subtracting this from 42", 
we have 6° 07', the angle to be advanced on the 3° curve ; 
or, reducing minutes to hundredths, and dividing by 3°, we 
find 204 feet, the distaBoe Irom b to the correct P. C. C. 
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ARTICLE X. 



BHOCLD THE SECOND CURVE BB ONE OF LONGER BADIUS 
TlUN THE riRST, 



OuB illustration takes simpler form, and the application 
of D varies vicS versa. 



...-rcy^l) 


\ 
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See figure, analogous to that of the previous problem. 
Here of, eg are equal and parallel radii; fk a perpen- 
dicular connecting them. Draw its fellow, en. Then, 
nf= eh, and, consequently, hg ^ on. Again, letting 
ft m fall, perpendicular to c g, we have em = nl, and o I 
= em -\- on; L e., oosin. ^ (R — r) = cosin. x {K — r) 
+ D. 

We observe that, with s cnrve of this nature, in order 
to throw the line farfker out, it is neceaeary to go had, 
toward 5 ; or, having located to g, if the object tangent lie 
within, we must advance toward e. 

Example. — Suppose a S a 6° curve, 6 the P. C. 0., and 
bg & 2° curve. Setting the instrument at g, the P. T., 
and turning into tangent, we find that we are a distance 
hg, ^= 5'd feet, too far to the left. The first question is, 
what angle have we turned on the second curve. Let it 



?. c. 0. 8& 

be 28°. Now we know, that, in order to strike farther to 
the right, we must advance on the 5° curve. Consequently, 
D must be added to the cosine of 28% to give ua the cosine 
of the proper angle for the 2° curve ; and the difference 
between 28° and this newly found angle will be the angle 
we are to advance on the 5" curve. Thus : — the rad. of a 
5° curve = 1146 feet, that of a 2° curve = 2865 feet, 
and their difference = 1719 feet. The nat. cos. of 28° 

= .8829. Then »iiigaJ^=. 9137, = „... 

COS. 23" 58'. This, subtracted from 28°, leaves 4° 02', = 
80 feet, from b to the correct P. C. C. 



Synopsis of the preceding formulcs. 

Call D the distance between tangents as before, a the 
angle of the second i;urve located, and b the angle of the 
same curve to be substituted for it. 

First, when the second curve has the smaller radius — 
Tangent falling within the point, cosine b ^ 
COS. a(R — r) + 'p 
(R - rj '■ 
Tangent falling without the point, cosine 6 =i 
cos.»(R-r)-0 
(B-r) 
Sbcosd, when the second curve has the larger radius — 
Tangent falling within the point, cosine b = 
COS. fl (R — r) — D 
(R-r) 
Tangent falUng without the . pcfint, cosine S == 
COS. g (R - r) + D 
(E - r.) 

Very little attention will familiarize these formulse, and 
render the field practice easy. 
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ARTICLE XI. 

SAVISS LOCATED THE COUPODND CURVE abd, lEKHINAT- 
ING IN THE lAHGEMT df, IT IB REQCI&ED TO IIND THE 
P. C. 0. b, AT WHICH TO COMMENCE ANOTHER CURVE OF 
GIVEN RADIUS, WHICH 8HAI^ ALSO TERMINATE TAN- 
GENTIALLY IN df. 

Plot the curves as per figure. From c let fall c g, per- 
pendicular to the tangent, df. From k and i, the leBBer 
oentrea, drop k m, i I, perpendicular to c g. Gall the great 
radiua B, the smaller radius r. and the intended radius of 




the second curve t'- Likewise name kkd, the angle of 
the small curve located, x, and hie the angle to be found 
for the proposed curve, y. Now, the tangent df, and the 
curve a b, lying unstirred, the line eg \a B.a unvarying die- 
tanoe, and it is made up of the lines cm -|- mg, i. e., eg 
= (R — r) cosin. x -^ r. It also consists of the lines el 



nat. coain. y ^^ - 



-\- Ig, i. e., eg = (R — /) cosin, «/ + /, and, reiluciiig, 

- (^LZl±^^}^pL=J^. This, there- 

fore, is the formula by means of which we can ascertain 
the point 5, as follows ; — 

Example. — Imagine a 2° curve, a h, compounding into 
a 6° curve, h d, which terminates at d, in the tangent df. 
The tangent lies well; the curve ah likewise; but it is 
desired to throw the line to the left, on better ground, 
between d and h, by means of an intercalary 4° curve. 
We wish, then, to know the distance, h h, back to the new 
P. C. C. 

The radius of a 2° curve = 2865 feet, of a 6° curve = 
955-4 feet, and their difference (R _ r) = 1909-6. The 
radius of a 4° curve = 1433, and the difference (R — t') 
is, therefore, 1432 feet. Lot h k d, the angle turned on 
the 6° curve, be 41°, the nat. cos. of which = -7547. 

„. (-7547 X 1909-6) + 9S5-4 — 1433 „. . 

Then, 1432 " ^ '^^^^' "= 

nat. cosin, 47° 43'. Subtracting 41°, we have 6° 43', the 
angle heb. Reducing minutes to hundredths, and divid- 
ing by 2°, we find 336 feet to be the distance from A to 6. 
A 4° curve of 47" 43', traced from this latter point, will 
terminate in the tiingent ej. 
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ARTICLE XII. 



IT THE LATTER CURVES HAVE LARGER RADII THAN THB 
FIRST, 



The solution retains its shape and eimplicity, 
Draw the fignre aa above, and, for the sake of nniformity, 
name the radii as before. The curve a b, and tangent df, 
being constant, the distance mg, or dn, is here constant. 
Call^t A. Kow A, in the first place, is equal to di — 
i. e,, = r — {r — E) cosin. icj and, in the second pb 




it is equal to^c — mc, =/ — (/ — R) cosin. y ; where- 
fore f — {r — R) coflin. x ^ j' — {t" — R) cosin. y, and 



consequently cosin. y = - — 



(r — R) cosin. x + / — r 



(''-») 



Hxample. — Suppose a i a ^' curve, compounding, at 6, 
into a 5° curve, 6 d, which latter subtends an angle of 38°, 
and terminates in the tangent df. We wish to substitute 
a terminal 2° curve, kg, and to know the position, h, of 
the new P. C C. 

The radius of a 7° curve = 819 feet = R. r and /, 



,= L.oo'Mc 
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the radii rCBpectively of 5" and 2' onrves, are equal to 

1146, and 2865 feet, r — R, therefore, = 327, and 

^ _ R = 2046 feet. The n»t. coein. of 38° = -788. 

„, .... , (-788X827)+ 2865 — 1146 
ihen, by the iormula, ^ — — — ^kts ^^ 

•9661, = the nat. coain. of 14° 57', the angle to be turned 
on the 2° curve. Subtracting this from 38°, we have 23° 
03', the angle to be continued on the 7° curve. Reducing 
minutes to hundredths, and dividing by the degree of curva- 
ture, 7°, we Sad 329 feet, the distance from b to the new 
P. 0. C. h. 



AE,TICLE Xni. 

TO CHANQH A F. K. a, BO THAT THE BECOND CURVE SHALL 
TERMINA1G IN A TAISEQEKT FABALLEL TO A flIVEH TAS- 
GEHT. 

Lkt <t (f f be the reverse eurve, located and terminating 




in the tangent Ih. Call the radius eh, R, and the radius 
he, r. Suppose iff' the giv^i tftttgent. At s di^tanw 
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from it eqnal to i e, the radiaa of the aecond curve, draw 
the parallel line, op. With c as a centre, and radius cf, 
^ R + r, describe the integral curve, fe, cuttiag op in e. 
e, then, is the centre of the curve adjusted. 



Amplication. 

Place the transit at the P. T., I, and tarn into a tan- 
gent, Im, parallel to dn, the coraraon tangent of the two 
curves at d. Unless some wide mistake has been made, 
the distance Ik, measured along this line to ig, the tan- 
gent proper, will be about equal to the distance ef, and 
we shall have the proportion, efifet: ed : db,i. e., B. 

-j- r : e/ : : R : db, which gives ^5 — ; — , as a simple 

formula for finding the distance back from d to b, the cor- 
rect P. R. C. This rule, though sufficiently true for most 
cases, is not mathematically justifiable. It will be seen 
that ef, or its equal i I, the distance we wish to measure, 
is a curving distance, part of the circumference of a circle 
concentric with a b. Its radius is (R -{- r), therefore its 

degree of curvature = .„ ■ . , or, more simply, equals 

the product of the degrees of curvature of the curves com- 
posing the reverse, divided by their gum. To be strictly 
accurate, then, set the instrument at I, turn into tangent 
^ m as before, and trace the curve i I, until it strikes the 
tangent ig. The angle which 87 subtends, being divided by 
the degree of curvature of a b, will give the distance, d b, 
to the P. R. C. proper. The curve retraced from b, will 
terminate tangentiaily in iff, and its angle, 6 e i, will be 
equal to df I — deb. 

Example. — Let adl be a reverse curve, composed of a 
S'' curve, ad, and a 6° curve, dl. Let the angle dflbe 
equal to 52°, and suppose the distance If to have been 
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found 34 feet, Being part ttf a 2° carve, it therefor* Bub- 
tenda a central angle of 41'. This corresponcla to a dis- 
tance of 23 feet, to be gone back on the 3° cawe, and 
52''-00 — 41' = 51° 19', the angle to be turned from A 
on the 6° curve, in order to strike the tangent iff. 



ABTICLE XIV. 

HOW TO FKOCEED WH£K TEE F. 0. IS INACCESSIBLE. 

In the figure, drawn to illustrate this case, let « be the 
point of carTatnre, o a the tangent, and eke the curve. 
Now the angle dee, incloded between the tangent and 




an^ chord, as c e, fixing the point e, is known. Make c h 
along tangent, equal to c e, and connect be. If a circle 
were now described from c as a centre, with radius c £ or 
cb, d, e, aod S, vould be points in its circumference, and 
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the angle dbe ai once proven equal to half the angle dcf. 
With proof precisely similar, dce^ half of dge, anil, 
aonsequently, dbe a equal to one-fourth of the eentiui 
angle subtended by the chord c e. 

Example. — Suppose e to be the inaccessible point of 
curvature of a 6° curve, eke. It is concluded to run to 
the third station, e. First we must calculate the length 
of the chord c e. The angle dc e ^ d°, and from Art. 
VII. we have 

Kad. of 1 : 955-4 : : nat. sin. 9° = -1564 : ^, whereby 

c c is shown equal to 298'8. PlaOe the transit then at b, 
298-8 feet distant from the P. C, and deflect to the left 
an angle of 4° 30', equal to half the angle dee. This is 
in line to e, and b e must likewise be calculated as follows: 

In the triangle 5 e A we have 

Rad. of 1 : nat. oosJn. 4° 3ff = -9969 :: bc= 298-8 : bh 

he 
^ -„-, whereby 6 e is shown equal to 695'7 feet. Arriving 

at e, the index reads 4° BV. Sight back to 5, turn to 18°, 
and the telescope will be in tangent. Suppose, however, 
that having reached /, 100 feet from e, this latter point ia 
also found inaccessible. We find k a different point in the 
curve, thus:— The angle/e J/ = 18° — 4° 30' = 13" 30', 
and the tangential angle g ek ^^ Z°. Consequently the 
angle felc = 10° 30', and, drawing the bisecting line e i, 
we have, in the triangle efi, 

Rad. of 1 : nat. sin. 6° 15'- = -0915 : : e/ = 100 : ft 
= 9-159 feet. Therefore /ft = 18-318 feet, and the 
angle efk = 90° — 5° 15' = 84° 45'. At / deflect this 
angle to the right, and measure the distance fk carefully 
with the rod. At k, sighting back to /, and turning the 
equal angle fke, the telescope will be directed to e, and 
the curve may be continued. 

If it ia inconvenient to run the hue b e, the point e may 
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be reached thus:— Fix the P.' C- Find the tangential 
distance d e, corresponding to the angle dee. Carefully 
with the rod lay off 6 (, ec^ual to it, at right angles to 6 e 
Set the transit at I, and, in line with e, put in e. 
The distance b I should not exceed 10 or 12 feet. 

Note. — The foregoing illustrations will apply when the 
P. T. is likewise inaceesBible. 



ARTICLE XV. 

TO AVOID OBSTACLES IN THE LIHH OV CDHVB. 

Let bkhhe the curve. We can either follow the tan- 
gents kd, db, or trace a parallel curve, ff a,' within the 
first ; which b-aeing is effected thus : — Set the instrument 




at h, the P. C, and offset any distance k g, at right angles 
to the tangent h d. It will be observed that as the dis- 
tance Ji g increases, the distance g a decreases, whilst the 
angle subtended by ^ a remains equal to that subtended 

„....,, L.oogic 
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hy kb; i. e., oar deflexions on the efiset carve stand 
unchanged, bat the corresponding chords, g f, f e, &c., 
are le»» than their eqoiraleftts, hi, tk, &c., along hh. 
To find their length, hi, ik, ka., beiog equal to 100 
feet, we have the prop&rticui, oi r eg :: At: a; i.e., 
R : rad. — hg :: 100 feet : z, where x symbols the un- 
known chorcl. Now set the transit at ff, turu into tangent 
parallel to h d, and with th» fiherteBed chord, Ss fea. 
Rectangularly to the tangents at these points, and distant 
A g, will be i, k, b of the curve proper. 

Example. — Let 6 A be a 4° curve, and the offset distance 
85 feet. The radius then is 1433, and 

1433 : 1348 : : 100 : 94, the short chord. 

To follow the tangents, suppose the ang^a boh = 42°. 
Then by Art. V. we find the tangent hd = 550 feet, 
which distance we duly measare, and, at d, deflecting 42°, 
lay oS an equal distance to b, the point of tangency. 
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ARTICLE XVI. 

HAVISa GIVEN THE AKGLE8 dh&, mkl, AND THE DI8TAKCB 
b k, IT IS RBftUIRBD TO FIND THE RADII C €, ef OF THE 
EASIEST REVERSE CURVE WHICH SHALL UNITE ad, km. 

The angle dbeiB equal to the angle ae e, half of whicli 
h boe. So likewise efk is equal to half ot Ikm. 




Then, [nat. tang, hce -\- nat. tang, e/i] : nat. tang. 
'ce :: bk : be, and bk — be = ek. Wherefore rad. c e 



Lod rad. ef=- 



nat. tang, bee ' nat. tang, kfe' 

Example. — Suppoae the angle d b e = 54° 30', the 

angle Ikff = Z^' 2(y, apd the distance J A = 832 feet. 
Tlierefare the angle be e ^= 27° 15', the nat. tang, of 

which is -5150, and the angle efk = 16° 40', the nat. 

tang, of which is -2994. The sura of the tangents = -8144. 

Then, to find b e, we have 

As -8144 : -5150 : : 832 : 526, and subtracting this from 

b k, we have e & = 306 feet. 

. . , ,. 526 , ^ ,. . 306 

Again, the radius oe^ TkTR^ ^^'^ ^^^ radius ej = ToqgZ' 

= 1022 feot. 



BAIBWJIT C0BV1» and XOCiXlOK. 



ARTICLE XVII. 



HAVING GIVEN THE CVRYSfff, LOCATED AND TBRMIBATINO 
IN THE TANGENT g fll, IT IS REQUIRED TO BIND WHERE 
A CURVE OF DIFFERENT RADIUS WILL TERMINATE IN A 
TANGENT PARALLEL TO g m. 

Let/^ be the curve located, and /A the carve proposed, 
commencing at the common point /, and terminating in 
the parallel tangents, gm,hl. We wish to find the length 
and direction of the line ,9 h, connecting the points of tan- 
gency. 




Call the radii respectively R and r, and the central 
angle, fdg oi/c h, x. Now ff\ = 3,e,^ sine of a;, ed 
being radios ; i. e., :^ nat sin. a; X (R — t)- Again, the 

angle hgh =fhh = ^,.1^^^ 9^ ^ coiin. kgh, gJt being 

radius, i. e,, gh =^ nat. eoB. ^ y. gh, and, consequently, 

nat. COS. -^ X g h = nat. sin. a; X (R — r), wherefore 
(R — r) nat. sin. x 

^ X ' 

nat. COB. ^ 

It vill be observed that the angle kg h, included between 
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the tangent to a curve at any point g, and the line g h 
connecting^ with an equivalent point k in any other curve 
fh commencing at the same P. C, /, and turning in the 
same direction, is invariably equal to half the common 
central angle, /d^ or fch. 

Example. — Let fff be a 7° carve, subtending a central 
angle,/(i3, of 44" 26'. Having arrived at^, the P. T^ 
and turned into tangent, ff m, it is desired to fix the P. T., 
h, of ft 4° curve which shall likewise subtend aa angle of 
44° 26'. Here the radii are, respectively, 819 and 1433 
feet, and R — r = 614. The nat. sine of 44° 26' = -700, 
and the nat. cosine of half this angle, viz.: 22° 13' = 

614 y -7 
■9258. Then, by the formula, gh = "T^gfe" ^ '*^*"^* 
Defecting, therefore, to th* left, &n angU of 22° I'S', and 
laying off the distance 464 '2 feet, we arrive at the point h. 
Move to ?t, sight back ta g, and a deflexion of 22° 13' to 
ihe right will direct the telescope along the tangent 7i !, 

If h were the P. T. located, and g the point required, 
ihe BMue angle &nd distance would &pply- 
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RAILWAY CDRVES AND LOCATIOK. 



ARTICLE XVIII. 

BAVINS THE CURVE nfg LOCATED, AND TERMINATlJNG IN 
THE TANGENT g m, IT IS REQUIEED TO FIND THE POIHT 
/, WHEREAT TO COMPOUND WITH ANOTHER CURVE OF 
GIVEN RADIUS, WHICH SHALL TERMINATE IN H, PARAL- 
LEL TO g m. 

[See previous figure.] 

Name the radtt and angle as before. Measure the dis- 
tance g i, between the tangents, and call it D. Then c Ji 
IB equal to ee -\- ek + g i or kh; i. e., R := (R — r) 

cosin. x-\-r-\-D,0T, transposing, oosin. x = — ;^ -- r— = 

Thus discovering the a,ng\efdg, divide it by the curvature 

nfg, and we have the distance, gf, to the P. C. C./. The 
second curve, traced from this point, will terminate tan- 
gentiallj in k I. 

Example. — Let the curvatures equal those of the last 
problem, and suppose the distance g i to be 175-6 feet. 

mt. u .u f 1 • 1^33 — 994-6 

Then, by the formula, cosm. x = mj" = -7143 

=: cosin. 44° 26'. Reducing minutes to hundredths, and 
dividing by 7°, we have 635 feet, the distance back to the 
P. C. C. 
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ARTICLE XIX. 

HAVING GIVEN A TANGENT ab, AND A CUEVE h k, LOCATED, 
IT IS EEQUIBED TO FIND THE POINT d, OR f; AT WHICH 
TO COMMENCE A CURVE OP GIVEN RADIUS, WHICH SHALL 
BE TANGENT TO BOTH. 



Dbaw the radius i c, and call it R. Name the radios 
of the other curve r. Make b e equal to r, and, through 
e, draw the; line e I, parallel to the tangent a 6. From e 
as a centre, with eg, = (R + r), as radius, sweep the arc 
of a circle; which are will intersect el aX g, and, from the 
equidistances, prove j? the centre of the other ourve toudi- 
iDg ab,bk, tangentiallj, at tke points d and /. 




Now, to find the point / for purposes of location, we 
must know the angle 6 ef. Call it x. In the triangle 
eg e, we have eg : ce:i radius : cosin, ^ c e, or J cf; i. e., 
(R + r) : (R — r) ; : 1 : nat. coain x, wherefore nat. cosin. 

X = ttt— — \- So that, having divided the difference of 

(R + r) 
the radii by their turn, we shall find opposite to the quo- 
tient, in the table of nat. cosines, the angle b cf required. 
This angle, divided by the degree of curvature of b k, will 
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give the distance from 6 to the P. R. C, / ; and 180° — x 
will equal the angle fg d, to be turned on the other curve. 

Another plan, which may be preferred, for finding the 
point d, is as follows : 

Make c g the diameter of a semioircle, e t g. Thia semi- 
circle is tangent to 5 d at t, and tf, perpendicular to eg, 
is a common tangent to the curves b k, df. We have then, 

"f Xfff = if\ i. e., R X r = tang." ^, Multiplying the 
radii together, and extracting the square root of the product, 
we find the distance tf, or its equal ( 6, which, doubled, is 
tbe distance 5 d, from h to the point of curvature, d. 

Example. — Suppose fc 6 a 8° curve, tangent to the line 
a b. We wish to know the point/, at which to begin a 5° 
curve, which shall he tangent to both. Here R ^ 1910, 
and r = 1146, wherefore (R -|- r) = 3056, (R — r) = 

764, and S^=4 = ^6' = '^^' ^ °^'- °°^'''- '^^° ^'^'■■ 
Reducing minutes to hundredths, and dividing by 3°, we 
have 2517 feet, the distance from b to tbe P. R. C-, /- 

If the point d he required, we have v^l910 X 1146 =: 
1478-9. Doubling this result we find 2957-8 feet, -the dis- 
tance from b to the F. 0., d. 

If the radii are equal, of course the distance bd'iB equal 
to their sum, and the angle x is a right angle. 
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TO KHN A TANSBNT TO TWO OQBVES. 



ARTICLE XX. 

TO EUH A TANGENT TO TWO CtTRVES. 

Let g b, e ft, be the two curves. First plot them 
carefully to a large scale, and, finding from this plot an 
approximate P. T,, say e, run the tangent ef. Now the 
chord in the curve g b, to which ef ia parallel, is known, 
and consequently the shortest distance, fg, between the 
tangent and the curve may be measured. Then ef : fg 

:: rad, : tang, feg, and nat, t&ng.feg = -^ Praeti- 

eally, this angle feg will be found equal io g ah ut aee, 
BO that, dividing it by the degree of curvature of k e, we 
shall have the distance, e d, to the proper P. T. 




Strictly speaking, the angle g ef is too great by the 
small angle bhg. There are two modes of calculating 
this latter, but they are both complex, and in any but a 
most unusual case, the above rule is sufficiently accurate. 

Example. — Let t e be a 5° curve. Suppose the tangent 
ef = 1632 feet, and the distance gf = 42 feet, 
42 

Then jg=H = "0257 = nat. tang, of 1" 28'. Reducing 



62 BAitWAT crmvBS amd location. 

minutes to hundredths, and dividing bj 6°, we havt 29 
feet, the distance back to the correct P. T. 

Should the curves turn in the same direction, or should 
e be a fixed point from vhich to run a tangent to g b, the 
above illustration is still applicable. 



ARTICLE XXI. 

OEDINATEa. 



TO FIND THE MIDDLE ORDINATE TO ANT GIVEN CHORD, IH 
A CURVE OF ANT GIVEN RADIUS. 



l8t. ( 



e figure in Art. XVI.) hc= ^/ac* — aF, and 
acorfte — kc = the ordinate required. That is, from 
the square of the radius subtract the square of half the 
chord, and take the square root of the remainder from 
radius, for the middle ordinate. 




Example, — The radius a c being 819 feet, and the chord 
af 100 feet, to find the middle ordinate, b k. 

Here ae' — a1i? = 670761 — 2500, = 668261, the 
square root of which is eA, = 817'5, which taken from 
radius 819, leaves 1'5, the required middle orjainate. 



..^.00)i\^ 



ORDINATliS. S3 

2d. Subtract the nat. cosine of the tangential aiigle 
from 1, and multiply the remainder by radius. 

Example. — Suppose ah a. 1° curve. Here the nat. 
cosine of 3° 80", the tangential angle, ia ■9981, which, sub- 
tracted from 1, leaves '0019. Multiplying this latter by 
radius 819, we have 1-5, the middle ordinate as before. 



HAVIHa OIVBN THE MIDDLE ORDIKATE, TO FIND ANY OTHER. 



1st. e^ = \/ e^ — cg^, aud ed =^ eg — g dar ok. 

Example. — Suppose the distance kd or eg to be 20 
feet. Thence ce^ — eg^ = 670761 — 400 = 67i»361, the 
square root of which is eg, = 818-76. Taking from thia 
the distance ^ d = 817'5, we have the ordinate ed ^ 
1-26. 

2d. Multiply the ordinate? of a 1° curve by the deflexion 
angle of the curve whose ordioates are required. This is 
an approximation sufficiently exaot for railway curves. 
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,VES. AND LOCATION. 



ARTICLE XXII. 



TO FIND THE KADIU8 CORRESPONDING TO ANY DEFLEXION 
AN9LE, AND TO EQUAL CHORDS OP AKY GIVEN LENGTH. 

Here the deflexion angle, db a,ia of course equa] to 
the central angle d ch, subtended by the given chord d b, 

and the triangle e dh beitig isosceles we have — -— ^ 



bd :: db : od, the 




Example. — Let the deflexion angle be 5°, and the chord 
100 feet. Required the radius. The nat. sine of 5° = 

•0872 and ^^'^°~^' ' = 87° 30', the nat. sine of which ia 



Then -0872 : -9990 : : 100 : radius = 1146 feet. 

An approximate result, sufficiently accurate for all pur- 
poses of railway location, may be found by simply dividing 
5730 by the deflexion angle. 

To find the deflexion angle corresponding to any given 



RADIUS -0&UaS«>OMUXa TO CEFLKXION ANGLE. flit 

radius and chord. — In tbia case, we have c d : df : : rail, 
of 1 : nat. sin. of half the deflexion angle ; therefore, divide 
half of the chord hy the radius of the curve ; the quotient 
will be the nat. sine of half the deflexion angle. 

Example. — Radius as before 1146 feet, and chord 100 

feet. Then =1?:^ = -0436, the nat. sin. of 2° ZQf. Dou- 
1146 ' 

hiing this result we have the deflexion angle, viz. 5° OC. 

To find the deflexion distance with chord of 100 feet and 
any radius. — Divide the constant number 10000 by. the 
radius in feet; the quotient will be the deflexion distance: 
— for the deflexion distance with a radius of 10000 feet is 
1 foot, and the deflexion distances for other radii increase 
inversely as the radii. 

Example. — What is the deflexion distance for a 5° curve, 

the chord being 100 feet ? Here ^^ = 8-72 feet, the 

deflexion distance. 

To find the deflexion distance with any given chord and 
radius. — The deflexion distance is equal to twice the 
natural sine of half the deflexion angle, multiplied hy the 
chord. Thus, the chord being 100 feet, and the deflexion 
angle 5°, we find the nat. sine of 2° 30" equal to -0436, 
which doubled, and multiplied by 100, gives 8'72 feet, as 
above. 

The tangential distance, with any radius and chord, is 
in like manner equal to twice the nat. sine of half the tan- 
gential angle multiplied by the chord. Thus, the tangential 
angle being 2° 30' and the chord 100 feet, we find the nat. 
sine of 1° 15' = '0218. Multiplying by 2, and 100, we 
have 4'36 feet, the tangential distance. 

For all curves under 11°, the tangential distance is equal 
to half the deflexion distance. 
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ARTICLE XXIII. 

OB EXCAVATION AND EMBANKMENT. 

A RAILWAY line having been located, the first office duties 
are to map it down, to mal^e a cootinuous profile^ and an 
approximate estimate of the coat of grading, &c. The " ele- 
vation" of each stake above or below a certain assumed 
base being fixed, the profile is drawn, on paper prepared 
for the purpose, to a horizontal scale of 400 feet, and a 
vertical scale of 40 feet, to the inch. This distorted pic- 
ture presents at a glance, in compact shape, the undula- 
tions of the surface, and from it grades are adopted, to 
balance as nearly as possible the excavation and embank- 
ment. By these grades, noted in the record, the cutting 
or filling is ascertained at each station. Suppose, for 
instance, that the elevation of station 40 is 12 feet, and 
that of st^ition 100 is 72 feet. The distance between 40 
and 100 is 6000 feet, and the difference between 12 and 
72 is 60 fe»^ Consequently, to connect those points, we 
require an ascending grade of 1 in 100 feet. Grade at 
station 54 is therefore 26 feet, and at station 60, 32 feet. 
If the elevation at station 60 be 38 feet, of course we have 
6 feet of excavation, and this is marked in oilr estimate 
sheets -f 6. If the elevation at that point should be 27 
feet, 5 feet of embankment is the consequence, which is 
marked accordingly, — 5 ; plus indicating excavation, and 
minus embankment. 

The usual slope for embankment is 1^ feet horizontal 
to 1 foot vertical, making an angle of about 34° with the 
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horizon; that for earth out, 1 to 1, or 45°, and for rock 
cut J to 1, or 76°. The slopes of the ground surface at 
each station being known, together with the breadth of the 
intended roadway, we are prepared to calculate the cross- 
sectional areas, and from them to determine the cubic yards 
of excavation and embankment, 

To facilitate these operations the following rules were 
prepared. With Trautwine'a common diagram, and the 
table of squares and square roots appended to the volume, 
they will be found an observable assistance. 



Suppose H the road bed, and fh the depth of an ordi 
nary clay cut. Produce the side slopes until they meet in 
the point k. Then the angle being 45", ef^fk, and 
ef^.= twice .the triangle efk, ^ the triangle ekg. For 
like reasons Ih = hk, and I h^ ^= triangle I k i. But the 
triangle Iki, taken from the triangle ekg, leaves the area 
el-ig, to find which we have therefore the following 

Rule. — To half the breadth of the roadway, add the 
depth of the cut. From the square of this sum, subtract 
the square of half the breadth of the roadway for the 
area. 

Hxample. — Suppose the breadth of the roadway to be 
32 feet, and the depth hf, 1 feet. Half of 32 = 16, the 
square of which, viz., 256, becomes a constant subtrahend. 
16 + 7 = 23, and a reference to the table shows the 
square of 23 equal to 529. Therefore 529 — 256 = 273, 
the area required in square feet. 

If there be a regular slope, as eg (p. 58), we can plot it on 
the diagram, and read at once the side cuts, gk, en. Then 



6b railway odkveb and i,ocation. 

the area is equal to that of the trapezoid en kg, minus 
the two triangles enh, mkg. 




Calling e n, or its equal n h, a, mk or ff k, b, and half 
the breadth of the roadway, e, we have the triangle m kg 

= bX -=^ -. The triangle e M A is in like 



and the area of the trapezoid = a-j-i-[-2cX- 



^ +2ab -\- 2ac + -2bc+ P a^ + h' 



2ah + 2ac + 2be 



--{a + h)c + a.b. 



Should the slopea be J to 1, as in rock cut, the area 

might, in similar- wise, be shown equal to (a + 6) c -[- -^, 

and that of embankment, where the slopes are 1^ to 1, 

equal to (a + 5) e H ~. Wherefore, we arrive at the 

following general rule for finding cross-sectional areas, 
where the ground surface is a regular declivity : 

Multiply the sum of the aide cuttings by half the breadth 
of the roadway, and mark the product. Multiply the pro- 
duct of the side cuttings by the ratio of the side slopes to 
I, and add this result to the previous product marked for 
the area. 

Example 1. — Earth excavation — road bed 32 feet, side 



OF EXCAVATION AND EMBANKMENT. 5!) 

slopes 1 to 1, right cutting 12 feet, left cutting 3 feet, 
Required the cross-sectional area. Here {a -\- b) e -{- a b 
= (12 + ;;J) 16 + 12 X 3 = 240 + 36 = 276 square 
feet, the area required. 

Example 2. — Rock cut— road bed 28 feet, side 
slopes J to 1, cuttings as before. Required the area. 

Here (a + 6) e + ^^- = 210 + ^ = 219 square 

feet, the area. 

Example S, -—Embankment — roadway 27 feet, side 
elopes IJ to 1, cuttings as before. Here {a -\- b) e + 

^-i^~^ -= 202-5 + 54 ^ 256-5 square feet, the cross- 
sectional area. 

Other formulfe might be given for varying surface slopes, 
but they would involve a simple matter, and require more 
time for calculation than a division of the diagram area 
into triangles. 

To find the cubic content of an excavation or embank- 

Multiply half the sum of the two end areas by the 
distance hetween them; thus: supposing 282 and 310 
to be the end areas, and 100 feet the distance, we have 
( 282 + 310) ^ ^^jQ ^ gggQQ ^^^.^ ^^^^ ^ 1096-3 cubic 

yards. Or we may multiply the sum of the end areas by 
100, and divide the product by 6 and 9, the factors of 54, 
which is the number of cubic feet contained in two cubic 



1096-3, as above. 
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PEISMOIDAL FOKMULA. 

To the. two end areas add four times the middle area, 
and multiply the »um by one-nxth of the length of the pris- 
moid. Thus : from the foregoing example, the sum of the 
end areaa, 592, added to four timea their mean, 1184, 
giVes.1776, and 1T76 X 16'7 ^ 29659-2 cubic feet, = 
1098-5 cubic yards. The former rule ia approximate — - 
sufficiently so for rough preliminary calculations, but where 
strict correctness ia required, as in a. final field estimate, 
the prismoidal formula should be used. It applies to all 
solid bodies with plane faces and parallel ends. 



ARTICLE XXIV. 



SIDE 8TAEIXS. 



The object in side staking is to find the point where 
the snr&ce of the ground intersects tbe skipe of the road 




formation. For perftirming this work with level and rod, 
place the instnment in such a position as to command as 
many stations as possible, whether they be on the upper 



SIDE STAKING. 61 

or lower side, and ascertain by transfers from the bench 
the height of jour instrument with rofe'rence to grade. 
This will facilitate operations by giving usually small num- 
bers to work with. Knowing your rate of grade, subtract 
or add, as the case may be, as you change from station to 
station. 

Having the level in place, we will suppose on an exca- 
vation, our object is first to place the lower side stake. 
Let the width of the road bed be 26 feet, and the side 
slopes 1 to 1. Suppose the instrument to be 11 feet above 
grade and the centre cut 5 feet, which latter is already 
recorded in the field book for construction duties. Look- 
ing at the fall of the hill we judge that at the distance of 
17 feet from the centre stake the descent is 1'5 feet, which 
would give us 3'5 feet cutting. We take an observation 
at that point and find that the rod reads 10 feet, which, 
subtracted from our height above grade, leaves us only one 
foot cutting, and shows that our judgment has been at 
fault. The distance measuredis too much, for were we to 
increase the distance wc would reduce the cutting, and it 
ia therefore evident that we arc too far from the centre. 
Let us then make the distance from the centre stake 15 
feet, and take another sight, when the rod reads 9, show- 
ing 2 feet cutting, which, added to half the road formation, 
slope being 1 to 1, equals the distance measured. The 
stake is therefore correct. The same process applies to 
the upper siiie. 

The only diiference in staking out for banks is that you 
add 1| times the height of the bank to the distance mea- 
sured, or, as a general rule, the height of the bank multi- 
plied by the ratio of the side slopes to unity. 

Some judgment is required to be expeditious in this 
work, which is obtained only by experience. 



Host..:[jvGoOgIf 



62 RAILWAY CUBVXS AND LOCATION. 

The following is a common form of field record for c 
q traction : 
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PiTUKAL SINES AND TANGENTS. 
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26 


606993 




383100 


290571 


870088 


260249 


619943 


34 


^ 


693630 


"^■■■'^3895: 


614449 


448699 


3-7093077 


291-i65 


565997 


33 


28 


7B0538 


544816 


646307 


617567 


317199 


332447 


612390 


32 


! 29 


867718 


651045 


778677 


787179 


542461 


3538-27 


659126 


31 


i 30 


9B5172 


757644 


911562 


967541 


769974 


386397 


706'i06 


30 


31 


5'404290[ 


864614 


6-7044966 


7-6128657 


996446 


417153 


753('34 


29 


32 


130906 


971957 


173891 


3005-33 


3-8326136 


449113 


801417 




33 


2I918S 


6-0079676 


313341 


473174 


455103 


481261 


949557 




34 


307750 


137772 


448318 


646584 




613607 


898066 


36 


35 


396592 


296247 


633826 


820769 




546151 


946924 


25 


36 


485715 


405103 


719887 
856446 


995736 


3-9I52O09 


579895 


996160 




I ^'^ 


575121 




7-7171486 




611341 


13-045769 


33 




664312 


6239B7 




348029 


62266! 


644993 


0957S7 


32 


39 


764788 


733979 


6-8131227 


625366 


859843 


679348 


146127 


31 


40 


845052 


844331 


269437 


703606 


9-0093261 


711913 


196883 


30 


4! 


B35604 


966174 


408196 


. 882453 


337933 


745697 


249031 


9 


42 


5-6026446 


6-1066360 


647509 


T -8062212 


673967 


- 779673 


299674 






117579 


1T7943 


687378 


242790 


921074 


813873 


351518 




44 


209006 


289923 


827807 


424191 


9-1064664 


848393 


403367 


6 


45 


300ri4 


402303 


968799 


606423 


309348 


992921 


456625 


B 1 


4G 


392740 


61B0B5 


6-9110369 


789481 


665436 


917776 


599799 






485052 


628272 


2E24S9 




902833 


953350 


663391 






B77663 


741865 


396192 


T-91681S: 


9-2051564 


993160 


617409 


2 


49 


670574 


865B67 


538473 


3437S8 


301637 


11-023676 


671866 




50 


763736 


970279 


682336 


530224 


553035 


069431 


726739 


10 


31 


857302 


6-2085106 


8367S1 


7I755B 




095416 


783060 


9 


62 


951121 


200347 


971806 


905756 


9-3069936 


131636 


837827 


8 




6'604E247 


316007 


7-0117441 


8-0O9483S 


316450 


168039 


. 394045 








432086 


263662 


284796 


5T2355 


204780 


950719 


6 


! 55 


23442: 




410482 


475647 


830663 


241713 


14-007856 


5 


1 66 


339474 


665615 


657906 


667394 


9-4090384 


378335 


0654B9 


4 


67 


424833 




706934 


960042 


3 1531 


316304 


123536 


3 


5S 


520B16 


900661 


854573 


9-1053699 


6 4116 


353971 


183093 


2 


69 


616509 


S-3018866 


7-1003326 


248071 


B73I49 




241134 




, 60 


712818 


137515 


16369T 


443464 


9-51 3645 


430063 


300666 







10" 9° 1 8" 1 7° 1 6- 


5° 


. .j 





„ 


T. SINE. 










NAT. TA 


N. 




87 




8So 


m" 








86= 


87° 


88» 


89° 







9993 903 


9998 477 


60 







14-300666 


9-081137 


28-636253 


67-289962 


60 


I 


9994 009 


627 


59 






360696 


137930 


877039 


63-261174 






liO 


577 


59 




3 


421230 


296922 


29-132006 


69-265872 


63 


3 


209 




57 






432273 


405133 


371106 






4 


303 


673 


56 




4 


543B33 


615634 


624499 




66 


S 


405 


720 65 




6 


605916 


627296 


8S3299 


62-499164 


66 




602 


766 54 




6 




740291 


30-144619 


63-656741 


64 




693 


312 








731679 


354591 






63 




693 


B56 


,2 




6 


795372 


970219 


683307 


66-105473 


53 




Tee 


900 






9 


859616 


20-087199 


969928 


67-401854 


51 


10 


361 


942 


■a 






924417 


205553 


31-241677 


66-750087 


60 


11 


374 


934 










326308 


B-28393 


70-153346 


49 


13 


9995 066 


9999025 








6-0E5723 


446486 


820516 


71-616070 


48 


13 


157 


065 






3 


122242 


569115 


33-118099 


73-138991 


47 


H 


247 


105 






4 


199349 




421295 


74-729165 


46 


15 


336 


143 






5 


257062 


313828 


73026; 


76-390009 


45 


16 






44 




16 


325358 


945966 


33-046 73 


78-126342 




17 


512 


218 


43 




17 


394«6 


21-074664 


366 94 


79-9«430 




16 


699 


254 


42 




18 


463814 


204949 


693 oe 


81-347041 




19 


684 


239 


41 




19 


533931 


336851 


34-027 03 


83-343607 


41 


■;u 




323 






20 


6047B4 


470401 


367771 


85-939791 


40 




854 


357 


39 






676233 


605630 


715116 


88-143672 




22 




339 


3S 






748337 


742669 


35-069546 


90-463336 






9996 020 


42L 


37 




33 


821105 


881261 


431282 


92-903487 


37 




101 


452 


36 




24 


894545 


22-021710 


300653 


95-499475 


36 




IS-i 


482 


35 




25 


963667 


16393U 


36-177596 


98-217943 


36 




26-; 


61 


S4 




26 


16-043432 


303D97 


562659 


01-10690 


34 




341 


63 


33 




27 




454096 


966001 


04-17094 




23 


419 


56 


32 




23 


I9E225 


602015 


37-367392 


07-42648 




29 


497 


693 


31 




29 


272174 


761893 


763613 


10-39206 


31 


30 


573 


619 


30 




3D 


349855 


903766 




114-56865 


30 


31 


649 


644 








428279 


23-057677 


617738 


U6-54018 


39 


32 


724 




23 




32 


B07466 


213666 


39-066T71 


123-77396 




33 


793 


602 


27 






6973 6 


371777 


606896 


27-32134 


27 


34 


871 


714 


26 






6691 2 


5320S2 


96E460 


32-21861 


26 


35 


943 


736 


25 




3! 


7496 4 


694637 


40-43ES3T 


3T'G0T46 


26 


36 


9997 015 


756 


24 






3319 6 


859277 


917412 


43-23712 


24 


37 


086 


77b 






37 


915025 


24-026320 


41-410ie8 


49-46502 


23 


i9 


166 


795 


22 






998957 


19B714 


916790 


166-25903 


22 




3-24 


S13 


21 






17-083724 


367609 


12-433464 


163-70O19 


21 


40 


292 


331 


20 




40 


169337 


B41T58 


964077 


ITl -83540 


20 


41 


36D 


347 








255809 


71851.2 


13-508122 


180-93220 


19 


42 




B63 


13 








897826 


14-066113 


190-98419 


18 


43 


492 


671 


17 




43 


431386 


26-07B75T 


638696 


202-21876 


IT 


44 


556 




16 




44 


520516 


264361 


lS-i26Ml 


114-36782 


16 




620 


905 


15 




46 


610569 


4E1T00 


82936: 


229>1B166 


16 


46 


693 


917 






46 


701629 


641833 


46-448862 


24E-GS19S 


14 


47 




923 






47 


793442 


834823 


17-086343 


264-44080 


13 


48 


807 


93fl 


12 






386310 


26-030736 


739601 


236-47773 


12 


49 


887 


949 


11 




49 


990150 


229638 


4e-412034 


312-53137 


11 


50 




953 






SO 


131)74977 


431600 


19-10399! 


313-77371 


10 


51 


931 


961. 


9 




6 


170307 


636690 


815726 


331-97099 


9 


62 
53 


10 


97 
97 


a 

7 




52 

53 


267664 
365537 


8449B4 
27-056667 


5*543606 
S1-3031E7 


439-71757 
491-10600 


8 
1 




16 


99 


6 




54 


46447 


2714B6 


S2-OS0673 


BT2-96T21 




66 


2! 




6 




6 


561473 


4S9eS 


88210 


687-64897 


! 


56 


26 


99 






6 


666662 


Tin* 


63-708697 


969-43630 




57 


32 


99 


3 






767754 


93T233:B4-S6130(1 


1145-9163 


i 


56 


371 


99 


2 






371068,28-166422;BB-44151 


1718-8732 


! 


69 


426 


lOOOOOOl 


1 




5 


976523 399397 56'360Sg 


3437-7467 




60 


477 


OOC 







6C 


19-0811371 636263|B7-28996 


lDfini'«. 


( 






0= 








3° 


2° 


1" 


Oo 





Host..:[jvGoOgIf 



1 


TABLE OF SADII, &c.— Chord 100 Feet. i 
1 


Ste 


Rsdius 


Osf d(s 


. , 


Radius 


Def dbt 


A 1 


RBdlD< 


r^fj 


Id feel. 


laVcet 


Den^i'Ti 


Inftet 


iQftel. 


Defl»x'n 


tniSet. 




5 


158760-0 


■145 


3 25 


1677- 


5-962 


12 15 


468-7 


21.360 


10 


34380-0 




30 


1637- 


6-108 


3C 


459-3 


21-790 


15 


22920-0 


■436 


35 


1599- 


6-263 


&*" 


450-3 


22-210 


20 


17190-0 


■581 


40 


1503- 


6-398 


441-7 


22^640 


25 


13752-0 


■727 


45 


1528- 


6-544 


16 


433-4 


23^070 


30 


11460-0 


■872 


60 


1495-( 


6-689 


30 


425-5 


23-510 


35 


9823-0 


i-on 


4- 


1463-( 


6-835 


45 


417-7 


23-940 1 


40 


8595-0 


1^163 


1433.t 


6-980 


14 


410^3 


24-370 1 


45 


7640-0 


1-308 


15 


1348-C 


7-416 


15 


403^1 


24-810 


50 


6876-0 


1^453 


30 


1274-C 


7-853 


30 


396^2 


26-24'( 


J 55 


6251-0 


1-600 


s* 


1207-C 


8-289 


ft" 


389^6 


25^670 


5730-0 


1-745 


U46-0 


8-722 


383^1 


26^110 


5 


5289-0 


r890 


15 


1092-0 


9-159 


15 


376-9 


26-520 


10 


4912-ffl 


2-036 


30 


1042-0 


9-595 


30 


370-8 


26-940 


15 


4584-0 


2-181 


8*= 


996-8 


10-030 


&*" 


365-0 


27^370 


20 


4298-0 


2-327 


955-4 


10-470 


359-3 


27-830 


25 


4045-0 


2^472 


15 


917-0 


10-900 


ft" 


348-4 


28-70fl 


30 


3820-0 


2-618 


30 


882^0 


11-340 


338-3 


29-560 


35 


36190 


2-763 


j« 


849-3 


11^780 


A'" 


328^7 


30-430 


40 


34380 


2^908 


8190 


12-210 


319^6 


31-290 


45 


3274-0 


3-054 


15 


790-8 


12-640 


&'" 


311-0 


32-500 


50 


3125-0 


3^199 


30 


764-5 


13^080 


302-9 


33-010 


s" 


2990-0 


^■345 


s" 


739-9 


13^510 


=, 30 


295-3 


33-87(4 


2865-0 


3^490 


716^8 


13-950 


2b 


287^9 


34-730 


5 


2750-0 


3^C35 


15 


695^1 


14-380 


21 


274.4 


36-440 


10 


2G440 


3-781 


30 


674-6 


14-810 


22 


262-0 


38-150 


15 


2547-0 


3-926 


8« 


655^5 


15-250 


23 


250-8 


39-870 


20 


2456-0 


4-072 


637-3 


15-680 


24 


240-5 


41-580 


25 


2371-0 


4-217 


15 


620-2 


16-120 


25 


231-0 


43-280 


30 


2292-0 


4^363 


30 


603-8 


16-550 




222-3 


44-980 


35 


2218-0 


4-508 


= 45 


688-4 


16-990 


27 


214-2 


46-680 


40 


21490 


4-653 


10 


573-7 


17-430 


28 


206-7 


48-380 


45 


2084-0 


4-799 


15 


559-7 


17-870 


29 


199-7 


50-070 


50 


2023-0 


4-944 


30 


546.4 


18-300 


30 


193-2 


5! -760 


s" 


19650 


5090 


li" 


533-8 


18-730 


31 


187-1 


J3-450 


1910-0 


5-235 


521-7 


19-170 


32 


181-4 


^5-130 


5 


1859-0 


5-380 


15 


510-1 


19-610 


33 


176-0 


56-800 


10 


IKIOO 


5-520 


30 


499^1 


20-050 


34 


171-0 


58-470 


15 


17630 


5-671 


. -15 


488-5 


20-500 


35 


166-3 


BO- 140 


20 


1719-0 5-817 


12 


478-3 


20-940 


36 


161-8 


jl-800 










w= 






=ao 


ogtc 



r 




00 








TABLE OF LONG CHORDS. 






Angle of 
DeflecUOB. 


LMgth 


of Chord In feet required to 


Bubuoa 


tMioH In fMt. 


1 8t.tio«, 


aStetioB^ 


3 3Mo-e. 


*Bt«llO=H. 


6730-0 


1° 


100 


200-0 


300-0 


400-0 


4584-0 




100 


200-0 


300-0 


399-9 


3820-0 




100 


200-0 


3000 


399-9 


3274-0 




100 


200-0 


300-0 


399-8 


2865-0 • 


2" 


100 


200-0 


299-9 


399-7 


2547-0 




100 


200-0 


299-9 


399-6 


2292-0 




100 


200-0 


299-8 


399-5 


2084-0 




100 


2000 


299-8 


399-4 


1010-0 


Z" 


100 


200-0 


299-7 


399-3 


1763-0 




100 


200-0 


299-7 


399-2 


1637-0 




100 


200-0 


299-6 


399-1 


1528-0 




100 


200-0 


299-6 


3990 


1433-0 


4° 


100 


199-9 


299-6 


398-9 


1348-0 




100 


199-9 


299-5 




1274-0 




100 


199-9 


299-4 


398-5 


1207-0 




100 


199-9 


299-3 


398-3 


1146-0 


6° 


100 


199-9 


299-2 


398-0 


1092-0 


i 


100 


199-8 


299-1 


397-8 


1042-0 


i 


100 


199-8 


2990 


397-6 


996-8 


1 


100 


199-7 




397-5 


♦ 955.4 


6° 


100 


199-7 


298-8 


397-3 


9170 




100 


199-7 


298-7 


397-0 


882-0 




100 


199-7 


298-6 


396-7 


849-3 




100 


199-6 


298-5 


396-5 


819-0 


r 


100 


199-6 


298-4 


396-2 


790-8 




100 


199-6 


298-3 


396-0 


764-5 




100 


199-6 


298-2 


395-7 


739-9 




100 


199-6 




395-4 


716-8 


8° 


100 


199-6 


298-0 


395-1 


695-1 




100 


199-5 


297-9 


394-8 


674-6 




100 


199-5 


297-8 


394-5 


055-5 




100 


199-4 


297-7 


394-3 


6;i7-3 


9° 


100 


199-4 


297-6 


394-1 


620-2 




100 


199-4 


297-4 


393-7 


603-8 




100 


199-3 


297-3 


393-2 


588-4 




100 


199-2 


297-2 


392-8 


573-7 


10" 


100 


199-2 


297-0 


392-4 







.^ 
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TABLE OF ORDINATES. 






Ordinstes 10 feet apart.—Chord 100 feet. 










(MtCborf, 












'"MSr* - 


Mftot j Wftet. 1 MtEfit. j 20 feet. 


10 feet. 










5 


018 


■017 


■015 


■012 


■006 




10 


036 


■035 


■031 


■023 


■013 




15 


054 


■052 


■046 


■035 


■019 




20 


073 


■070 


■061 


■047 


■026 




25 


091 


■087 


■076 


■058 


■032 




3D 


109 


■105 


■092 


■070 


■039 




35 


127 


■123 


■108 


■082 


■045 1 




40 


145 


■140 


■123 


■093 


■052 




45 


163 


■157 


■137 


■105 


■058 




50 


182 


■175 


■153 


■117 


■065 




i" 


200 


■192 


-IC.8 


•128 


■071 




218 


■209 


■183 


■140 


■078 ' 




6 


236 


■226 


■198 


■152 


■085 




10 


254 


•244 


■214 


■163 


■091 




15 


273 


■261 


229 


175 


■098 




20 


291 


■279 


244 


167 


■104 1 




25 


309 


■296 


259 


198 


■111 




30 


327 


■314 


275 


210 


•117 




35 


345 


■331 


290 


221 


■124 




40 


364 


■349 


305 


233 


■130 




45 


382 


■366 


321 


245 


■137 




50 


400 


■384 


336 


256 


■144 




^55 


418 


■401 


351 


268 


•150 




436 


■419 


366 


280 


■157 




5 


454 


■436 


3S2 


291 


■103 




10 


473 


■454 


397 


SO? 


■170 




15 


49 L 


■471 


■412 


■315 


■176 




20 


509 


■489 


■428 


■326 


■183 




25 


527 


■506 


■443 


■338 


■190 




30 


645 


■524 


■458 


■350 


•196 




35 


564 


■541 


■474 


■361 


■203 




40 


582 


■559 


■489 


■373 


■209 




45 


600 


■576 


■504 


■384 


■216 




50 


618 


■594 


■519 


■396 


■222 




„ 55 


636 


-6U 


■535 


■408 


•229 




.h 


654 


■629 


■550 


■419 


■235 




6 


673 


■646 


■565 


■431 


■242 




10 


691 


■664 


■581 


■443 


■249 


15 


709 


■681 


■596 


■454 


■255 


20 


727 


■699 


■611 


■466 


■262 


25 


745 


■716 


■627 


■473 


■268 
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1 TABLE OF ORDINATES.— Continued. 






Ordinates 10 feet apart,— Chord 100 feet 






Dl,t»n™ of tt, Orain.«, from th6 ™a of th, 109 f«t Chord. II 


rfi^r 


Mfoat. 1 40feet | 30 t«et. | M tMt. | 


10^ 


Loogtbs of Onunstea Id I»t. 1 


1 3 30 


■764 


■734 


-642 


■489 


-275 


35 


■782 


■751 


■657 


■501 


281 


40 


■800 


■769 


■673 


■512 


-288 


: 45 


■818 


■786 


■688 


■524 . 


294 


50 


■836 


■804 


■703 


■536 


301 


i'' 


■854 


■821 


•718 


■547 


308 


■873 


■839 


■734 


■559 


314 


15 


"927 


■891 


■780 


-594 


334 


30 


■9a 1 


■944 


■825 


■629 


354 


s" 


1-036 


-996 


■871 


■664 


373 


1-091 


1-048 


-917 


■699 


393 


15 


M46 


1-100 


■963 


■734 


413 


30 


1-200 


1-153 


1009 


-769 


432 


S« 


1-255 


1-205 


1-055 


-804 


452 


1-309 


1-258 


1-100 


•839 


472 


15 


1-364 


1-310 


1-146 


■874 


492 


30 


1-419 


1-362 


1-192 


■909 


511 


5" 


1-473 


1-415 


1-238 


■944 


531 


1-528 


1-467 


1-284 


-979 


551 


15 


1-582 


1-520 


1-330 


1-014 


570 


30 


1-637 


1-572 


1-375 


1-048 


590 


s" 


1-692 


1-624 


1-431 


1-083 


610 


1-746 


1-677 


1-467 


1-118 


629 


15 


1-801 


1-729 


1-513 


1-153 


649 




1-855 


1-782 


1-559 


1-188 


669 


o 45 


1-910 


1-834 


1-605 


1-223 


C89 


9 


1-965 


1-886 


1-651 


1-258 


708 


15 


2-019 


1-939 


1-696 


1-293 


728 


30 


2-074 


1-991 


1-742 


1-328 


748 


45 


2128 


2-044 


1-788 


1-363 


767 


10 


2-183 


2-096 


1-834 


1-398 


767 


15 


2-238 


2-148 


1-880 


1-433 


807 


30 


2-292 


2-201 


1-926 


1-468 


827 


o 45 


2-347 


2-254 


1-972 


1-503 


846 


11 


2-401 


2-306 


2-018 


1-538 


866 


15 


2-456 


2-359 


2-064 


1-574 


886 


30 


2-511 


2-411 


2-110 


1-609 


90ii 


o 45 


2-666 


2-4G4 


2-156 


1-644 


926 


12 


2-620 


2-516 


2-203 


1-680 


946 


15 


2-675 


2-569 


2-249 


1-715 


966 


30 


2-730 


2-621 


2.295 


1-750 


985 
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TABLE OF ORDINATES —Continued 










Ill Degrevs uud 


Bl»tanc«, 


of thB OnilnHeB ftom ths eWl of the 100 lOet Chord. 1 


Mfeet 


40 feet. 1 30f„et. 1 SO f«,l. 


..... 








12 


45 


2-785 


2-674 


2-341 


1-785 


1-005 


13 




2'839 


2-726 


2-387 




1-025 




15 


2'894 


2-779 


2-433 


1-855 


1-045 




30 


2'94il 


2-832 


2-479 


1-891 


1-065 




45 


3-0OO 


2-884 


2-525 


1-920 


1-085 


ii 




3-058 


2-937 


2-571 


1-961 


1-105 




15 


3113 


2-989 


2-618 


1-996 


1-124 




30 


3-168 


3-042 


2-664 


2-031 


1-144 




45 


3-222 


3-094 


2-710 


2-067 


1164 


lit 




3-277 


3-147 


2-756 


2-102 


1-184 




15 


3-332 


3-200 


2-802 


2-137 


1-204 




30 


3-387 


3-252 


2-848 


2-172 


1-224 




45 


3-442 


3-305 


2-895 


2-208 


1-244 


li 






3-358 


2-941 


2-243 


1-264 




30 


3-60C 


3-463 


3033 


2-314 


1-304 


17 




3-716 


3-569 


3-125 


2-384 


1-344 




30 




3-674 


3-218 


2-455 


1-384 


1 18 




3-935 


3-779 


3-310 


2-525 


1-424 




30 


4-046 


3-885 


3-403 


2-596 


1-464 


1°9 




4-155 


3-990 


3-495 


2-666 


1-504 




30 


4-2C5 


4-096 


3-588 


2-737 


1-544 


20 




4-375 


4-201 


3-680 


2-808 


1-583 








.... 
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A TABLE OF THE SQUARES AND SQUARE ROOTS ] 






OF NUMBEHS. 








From 1 to 1000 






K. 


8,«ar«. 


Sqiiuo Boots. 


No. 


a,u««. 


S,^^.. 


1 


1 


I 0000 


44 


1936 


6-6332 


2 


4 


14142 


45 


2025 


6-7082 


3 


9 


1'7320 


46 


2116 


6-7823 


4 


16 


2'0000 


47 


2209 


6-8556 


5" 


25 


2-2360 




2304 


6-9282 


6 


30 


2-4495 


49 


2401 


7-0000 


7 


49 


2-6457 


50 


2500 


7-0711 


8 


C4 


2-8284 


51 


2001 


7-1414 


9 


Rl 


3-0000 


52 


2704 


7-2111 


10 


100 


3-1623 


53 


2809 


7-2801 


U 


121 


3-3108 


54 


2916 


7-3485 


12 


144 


3-4041 


55 


3025 


7-4162 


13 


1C.9 


3-6035 


56 


3136 


7-4833 


14 


196 


3-7416 


57 


3249 


7-5498 


15 


225 


3-8T30 


58 


3364 


7-6158 


Ifi 


256 


4-0000 


59 


3481 


7-6811 


17 


289 


4-1231 


60 


3600 


7-7460 


18 


324 


4-2426 


61 


3721 


7-8102 


19 


301 


4-3589 


62 


3844 


7-8740 


2(J 


400 


4-4721 


63 


3969 


7-9372 


21 


441 


4-5826 


64 


4096 


8-0000 


22 


484 


4-6904 


65 


4225 


8-0023 


23 


529 


4-7958 


66 


4356 


8-1240 


24 


576 


4-8990 


67 


4489 


8-1853 


25 


625 


6-0000 


68 


4624 


8-2462 


20 


676 


5-0990 




4761 


8-3066 


27 


729 


5-1961 


70 


4900 


8-3666 


28 


784 


5-2915 


71 


5041 


8-4261 


29 


841 


5-3852 


72 


5184 


8-4853 


30 


900 


5-4772 


73 


5329 


8-5440 


31 


961 


5-5678 


74 


5476 


8-6023 


32 


1024 


5-6568 


75 


5625 


8-6603 


33 


1089 


5-7446 


76 


5776 


8-7178 


34 


1156 


5-8309 


77, 


5929 


8-7750 


35 


1225 


5-9161 


78 


6084 


8-8318 


36 


1296 


6-0000 


79 


6241 


8-8882 


37 


1369 




80 


6400 


8-9443 


38 


1444 


6-1644 


81 


6561 


9-0000 


39 


1521 


6-2450 


82 


6724 


9-0554 1 


40 


160O 


6-3246 


83 


6889 


9-1104 1 


41 


1681 


6-4031 


84 


7056 


9-1651 1 


42 


1704 


6-4807 


85 


7225 


9-2195 


43 


1849 


6-5574 


86 


7396 


9-2736 
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A TABLE OF THE SQUARES AND SQUARE ROOTS ] 




OF NUMBERS.— Continued. 








From 1 to 1000 






«0. 


»,us™. 


BquMB Bdou. 


«0. 


^.... 


^...^u. 


87 


7669 


9-3274 


130 


16900 


11-4017 




7744 


9-3808 


131 


17161 


H-4455 




7921 


9-4340 


132 


17424 


H-4891 


90 


8100 


9-4868 


133 


17689 


11-5326 


91 


8281 


9-5394 


134 


17956 


11-5758 


92 


8464 


9'5917 


135 


18226 


11-6189 


93 


8649 


9-6436 


136 


18496 


11-6619 


94 


8836 


9-6954 


137 


18769 


11-7047 


95 


9025 


9-7468 


138 


19044 


n-7473 


96 


9216 


9'7979 


139 


19321 


11-7898 


97 


9409 


9-8488 


140 


19600 


11-8322 


98 


9604 


9-8995 


141 


19881 


11-8743 


99 


9801 


9-9499 


142 


20164 


1!-9164 


100 


10000 


10-0000 


143 


20449 


11-9583 


101 


10201 


10-0499 


144 


20736 


12-0000 


102 


10404 


10-0995 


145 


21025 


12-0416 


103 


10609 


10-1489 


146 


21315 


12-0830 


104 


10816 


10-1980 


147 


21609 


12-1244 


105 


11025 


10-2469 


148 


21904 


12-1655 


106 


11236 


10-2956 


149 


22201 


12-2065 


107 


11449 


10-3440 


150 


22500 


12-2474 


108 


11664 


10-3923 


151 


22801 


12-2882 


109 


11881 


10-4403 


152 


23104 


12-3288 


no 


12100 


10-4881 


153 


23409 


12.-3693 


111 


12321 


10-5356 


154 


23716 


12-4097 


112 


12544 


10-5830 


155 


24025 


12-4499 


113 


12769 


10-6301 


156 


24336 


12-4900 


114 


12996 


10-6771 


157 


24649 


12-5300. 


115 


13225 


10-7238 


158 


24964 


12-5700 


116 


13456 


10-7703 


159 


25281 


12-6095 


117 


13689 


10-8166 


160 


25600 


12-6491 


118 


13924 




161 


25921 


12-6886 


119 


14161 


10-9087 


162 


26244 


12-7279 


120 


14400 


10-9544 


163 


26569 


12-7671 




14641 


11-0000 


164 




12-8062 


122 


14884 


11-0454 


165 


27225 


12-8452 


123 


15129 


11-0905 


166 


27556 


12-8841 


124 


15376 


11-1355 


167 


27889 


12-9228 


125 


15625 


11-1803 


168 


28224 


12-9615 


126 


15876 


11.2250 


169 


28561 


13-0000 


127 


16129 


U-2694 


170 


28900 


13-0384 


128 


16384 


11-3137 


171 


29241 


13-0767 


129 


16641 


n-3578 


172 


29584 


13-1149 
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A TABLE OF THE SQUARES AND SQUARE ROOTS ! 




OF NDMBERS.^CoNTiNUEi.. 








From 1 to 1000 






.0. 


B4U.ieB. 


s^^n^. 


.. 


Sq>««8. 


Square BOOM. 


173 


29929 


13' 1529 


ild 


4()65b 


14-6969 


174 


30276 


13'1909 


217 


4-0S9 


14-7309 


175 


30C25 


13-2287 


218 


47524 


14-7648 


176 


30976 


13-2665 


219 


47961 


14-7986 


177 


31329 


13-3041 


^0 


48400 


14-8324 


178 


31684 


13-3417 




48841 


14-8661 


179 


32041 


13-3791 


222 


49284 


14-8997 


180 


32400 


13-4164 


223 


49729 


14-9332 


181 


32761 


13-4536 


224 


50176 


14-9666 


182 


33124 


13-4907 


225 


50625 


15-0000 


183 


33489 


13-5277 


226 


51076 


16-0333 


184 


33856 


13-5647 


227 


51529 


16-0665 


185 


34225 


13-6015 


228 


51984 


16-0997 


186 


34596 


13-6382 


229 


52441 


15-1327 


187 


34969 


13-6748 


2'0 


52900 


15-165T 


188 


35344 


13-7113 


231 


53361 


15-1987 


189 


35721 


13-7477 


232 


53824 


15-2315 


190 


36100 


13-7840 


233 


54289 


15-2643 


191 


36481 


13-8203 


234 


5475b 


15-2970 


192 


36864 


13-8564 


235 


55225 


15-3297 


193 


37249 


13-8924 


236 


5669b 


15-3623 


194 


37636 


13-9284 


237 


56169 


16-3948 


195 


38025 


13-9642 


218 


56b4t 


15-4272 


196 


38416 


14-0000 


23'? 


57121 


15-4596 


197 


38809 


14-0357 


240 


57600 


15-4919 


198 


39204 


14-0712 


241 


68081 


15-5242 


199 


39601 


14-1067 


242 


68564 


16-5663 


200 


40000 


14-1421 


243 


59049 


15-5885 


201 


40401 


14-1774 


244 


69536 


15-6205 


202 


40804 


14-2127 


245 


60026 


15-6525 


203 


41209 


14-2478 


246 


60516 


16-6844 


204 


41616 


14-2828 


247 


61009 


15-7162 


205 


42025 


14-3I7S 


248 


61504 


15-7480 


206 


42436 


14-3627 


249 


62001 


16-7797 


207 


42849 


14'3874 


250 


52500 


16-8114 


208 


43264 


14-4222 


251 


63001 


15-8430 


209 


43681 


14-4568 


252 


63604 


15-8745 


210 


44100 


14-4914 


253 


64009 


15-9060 


211 


44521 


14-5258 


254 


64516 


16-9374 


212 


44944 


14-5602 


255 


65025 


15-9987 


213 


46369 


14-5945 


256 


65636 


160000 


214 


45796 


146287 


257 


66049 


10-0312 


215 


46225 


14-6629 


258 


66564 


16-0624 
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A TABLE OF THE SQUARES AND SQUARE ROOTS | 




OF NUMBERS— CoNTiNuiD. 


1 






From 1 to 1000. 


1 


«.. 


B^U-TM. 


s,...^ 


«. 


Bqu^™. 


BquKeRwU. 


259 


67081 


16.0935 


302 


91204 


17-3781 




67600 


16'1245 


303 


91809 


17-4069 


261 


68121 


16-1555 


304 


92416 


17-4356 


262 


68644 


161864 


305 


93025 


17-4642 


263 


69169 


16'2173 


306 


93636 


17-4928 


264 


69696 


16-2481 


307 


94249 


17-5214 


266 


70225 


16-2788 




94864 


17-5499 


266 


70756 


16-3095 


309 


95481 


17-5784 


267 


71289 


16'3401 


310 


96100 


17-6068 


268 


71824 


16'3707 


311 


96721 


17-6352 


269 


72361 


16-4012 


312 


97344 


17-6635 


270 


7290O 


16-4317 


313 


97969 


17-6918 


271 


73441 


16-4621 


314 


98596 


17-7200 


272 


73984 


16-4924 


315 


99225 


17-7482 


273 


74529 


16-5227 


316 


99856 


17-7764 


274 


75076 


16-5529 


317 


100489 


17-8045 


275 


75625 


16-5831 


318 


101124 


17-8325 


276 


76176 


16-6132 


319 


101761 


17-8606 


277 


76729 


16-6433 


320 


102400 




278 


77284 


16-6733 


621 


103041 


17-9165 


279 


77841 


16-7033 


322 


103684 


17-9444 


280 


78400 


J6-7332 


323 


104329 


17-9722 


281 


78961 


16-7630 


324 


104976 


18-0000 


282 


79524 


16-7928 


325 


105625 


18-0277 


283 


80089 




326 


106276 


18-0555 


284 


80656 


16-8523 


327 


106929 


18-0831 


285 


81225 


16-8819 


328 


107584 


18-1108 


286 


81796 


16-9115 


329 


108241 


18-1384 


287 


82369 


16-9411 


330 


1089U0 


18-1659 


288 


82944 


16-9706 


331 


10J5bl 


18-1934 


289 


83521 


17-0000 


332 


110224 


18-2209 


290 


84100 


17-0294 


333 


110889 


18-2483 


291 


84681 


17-0587 


334 


111556 


18-2757 


293 


85264 


17-0880 


S(35 


112225 


18-3030 


293 


85849 


17-1172 




112896 


18-3303 


294 


86436 


17-1464 


337 


1 J 3569 


18-3576 


295 


87025 


17-1756 


338 


114244 


18-3848 


296 


87616 


17-2046 


339 


114921 


18-41)9 


297 


88209 


17-2337 


340 


115600 


18-4391 


298 


88804 


17-2627 


341 


116281 


18-4662 


299 


89401 


17-2916 


342 


116964 


18-4932 


300 


90000 


17-3205 


343 


1176i9 


18-5203 


301 


90601 


17-3493 


344 


118336 


18-5472 ' 
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A TABLE OF THE SQUARES AND SQOABE ROOTS | 




OP NUiMBERS.— Continued. 


i 






From 1 to IQOO 




1 


,. 


B..... 


Square Roots. 


No. 


equ-KS. 


Square Bwls. 


345 


119025 


18-5742 


388 


150544 


19-6977 


346 


119716 


18-6011 


389 


151321 


19-7231 


34T 


120409 


18-6279 


390 


152100 


19-7484 


348 


121104 


18-6548 


391 


152881 


19-7737 


349 


121801 


18-6815 


392 


153664 


19-7990 


3o0 


122500 


18-7083 


393 


154449 


19-8242 


351 


123201 


18-7350 


394 


155236 


19-8494 


352 


123904 


18-7617 


395 


156025 


19-8746 


353 


124609 


18'7883 


396 


156S16 


19-8997 


354 


126316 


18'8149 


397 


157609 


19-9248 


355 


126025 


18-8414 


398 


158404 


19-9499 


356 


126736 


18-8680 


399 


159201 


19-9750 


357 


127449 


18-8944 


400 


160000 


200000 


358 


128164 


18-9209 


401 


160801 


20-0250 


359 


128881 


18-9473 


402 


161604 


20-0499 


: 360 


129600 


18-9737 


403 


162409 


20-0749 


361 


130321 


19-0000 


404 


163216 


20-0997 


362 


131044 


19-0263 


405 


164025 


20-1246 


363 


131769 


190526 


406 


164836 


20-1494 


364 


132496 


19-0788 


407 


165649 


20-1742 


365 


133225 


19-1050 


408 


166464 


to- 1990 


366 


133956 


19-1311 


409 


167281 


20-2237 


1 367 


134689 


19- 1572 


410 


168100 


20-2485 


368 


135424 


19-1833 


.411 


168921 


20-2731 


369 


136161 


19-2094 


412 


169744 


20-2978 


370 


136900 


19-2354 


413 


1.70569 


20-3224 


371 


137641 


19-2614 


414 


171396 


20-3470 


372 


138384 


19-2873 


415 


172225 


20-3715 


373 


139129 


19-3132 


416 


173056 


20-3961 


374 


139876 


19-3391 


417 


173889 


20-4206 


375 


140625 


19-3649 


418 


174724 


20-4450 


376 


141376 


19-3907 


419 


175561 


20-4695 


377 


142129 


19-4165 


420 


176400 


20-4939 


378 


142884 


19-4422 


421 


177241 


20-5183 


379 


143641 


19-4679 


422 


178084 


20-5426 


380 


144400 


19-4936 


423 


178929 


20-5670 


381 


145161 


19-5192 


424 


179776 


20-5913 


382 


145924 


19-5448 


425 


180625 


20-6155 


383 


146689 


19-5704 


426 


181476 


20-6398 


384 


147456 


19-5959 


427 


182329 


20-6640 


385 


148225 


19-6214 


428 


183184 . 


20-6882 


380 


148996 


19-6469 


429 


-184041 


20-7123 


387 


149769 


19-6723 


430 


184900 


20-7364 
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A TABLE OF THE SQUARES AND SQUARE ROOTS ] 




OF NUMBERS.— Continued. 








Froml 


to 1000 






N. 


Squares. 


Squue KocW. 


-. 


Sauaws. 


SquMS Roota. 


431 


185761 


20-7605 


474 


224676 


21-7715 


432 


186624 


20-7846 


475 


225625 


21-7945 


433 


187489 


20-8086 


476 


226576 


21-8174 


434 


188356 


20-8327 


477 


227529 


21-8403 


435 


189225 


20'8566 


478 


228484 


21-8632 


436 


190096 


20-8806 


479 


229441 


21-8861 


437 


190969 


20'9045 


480 


230400 


21-9089 


438 


191844 


20-9284 


481 


231361 


21-9317 


439 


192721 


20-9523 


482 


232324 


21-9645 


440 


193600 


20-9762 




233289 


21-9773 1 


441 


194481 


210000 


484 


234266 


22-0000 


442 


195364 


21-0238 


485 


235225 


22-0227 


443 


196249 


2L0476 


486 


236196 


22-0454 


444 


197136 


21-0713 


487 


237169 


22-0689 


445 


198025 


21-0950 


488 


238144 


22-0907 


446 


198916 


21-1187 




239121 


22-1133 


447 


199809 


21-142^ 


490 


240100 


22-1359 


448 


200704 


21-1660 


491 


241081 


22-1585 


449 


201601 


21-1896 


492 


242064 


22-1811 ! 


450 


202500 


21-2132 


493 


243049 


22-2036 1 


451 


203401 


21'2368 


494 


244036 


22-2261 


452 


204304 


21-2603 


495 


245025 


22-2486 


453 


20520ff 


21-2838 


496 


246016 


22 2711 


454 


206116 


21-3073 


497 


247009 


22-2935 


455 


207025 


21-3307 


498 


248004 


22-3159 


466 


207936 


21-3542 


499 


249001 


22-3383 


457 


208849 


21-3776 


500 


2J0000 


22-3607 


458 


209764 


21-4009 


501 


261001 


22-3830 


459 


210681 


21-4243 


502 


252004 


22-4054 


460 


211600 


21-4476 


503 


253009 


22-4277 


461 


212521 


21-4709 


504 


254016 


22-4499 


462 


213444 


21-4942 


505 


255025 


22-4722 


463 


214369 


21-5174 


506 


256036 


22-4944 


464 


215296 


21-5407 


607 


257049 


22-5167 


465 


216325 


21-5639 


508 


258064 


22-5388 


466 


217156 


21-5870 


509 


259081 


22-5610 


467 


218089 


21-6102 


510 


260100 


22-5832 


468 


219024 


21'6333 


611 


261121 


22-6053 


469 


219961 


21-6564 


612 


262144 


22-6274 


470 


220900 


21-6795 


513 


263169 


22-6495 


471 


221841 


21-7025 


514 


264196 


22-6716 


472 


22^784 


21-7256 


515 


265225 


22-6936 


„3 


223729 


21-7486 


516 


266256 


22-7166 
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A TABLE OF THE SQUARES AND SQUARE BOOTS f 




OF NUMBERS.— Continued, 








Froml 


to 1000 






N. 


Bqu.™, 


SqiunHwts. 


«. 


«,»«. 


EquarsRoota. 


517 


207289 


22-7376 


660 


313600 


23-6643 


518 


268324 


22-7596 


561 


314721 


23-6854 


519 


269361 


22-7816 


56e 


315844 


23-7065 


; 520 


270400 


22-8035 


563 


316969 


23-7276 


! 521 


271441 


22-8264 


664 


318096 


23-7487 


522 


272484 


22-8473 


665 


319225 


23-7697 


623 


273629 


22-8692 


666 


320366 


23-7907 


524 


274576 


22-8910 


667 


321489 


23-8118 


525 


275625 


22-9129 


568 


322624 


23-8327 


526 


276676 


22-9347 


569 


323761 


23-8537 


527 


277729 


22-9565 


570 


324900 


23-8747 


528 


278784 


22-9782 


571 


326041 


23-8956 


529 


279841. 


23-0000 


572 


327184 


23-9165 


! 530 


280900 


23-0217 


573 


328329 


23-9374 


1 531 


281961 


23-0434 


574 


329476 


23-9683 


632 


283024 


23-0651 


575 


330625 


23-9792 


533 


284089 


23-0868 


576 


331776 


24-0000 


534 


285156 


23-1084 


677 


332929 


24-0208 


' 635 


286225 


23-1301 


678 


334084 


240416 


636 


287296 


23-1517 


679 


335241 


24-0624 


537 


288369 


23-1733 


580 


336400 


24-0832 


538 


289444 


231948 


581 


337561 


24-1039 


539 


290521 


23-2164 


582 


338724 


24-1247 


540 


291600 


23-2379 


583 


339889 


24-1454 


1 541 


292681 


23-2394 


'584 


341056 


241661 


542 


293764 


23-2809 


585 


342226 


24-1868 


643 


294849 


23-3021 


586 


343396 


24-2074 


544 


295936 


23-3238 


587 


344569 


24-2281 


645 


297025 


23-3452 


588 


345744 


24-2487 


546 


298116 


23-3666 


589 


346921 


24-2693 


547 


299209 


23-3880 


590 


348100 


24-2899 


548 


300304 


23-4094 


591 


349281 


24-3105 


1 649 


301401 


23-4307 


592 


350464 


24-3310 


1 650 


302500 


23-4521 


593 


351649 


24-3516 


651 


303601 


23-4734 


594 


352836 


24-3721 


562 


304704 


23-4947 


595 


354025 


24-3926 


563 


305809 


23-5159 


596 


356216 


24-4131 


554 


30C916 


23-5372 


597 


356409 


24-4336 


1 555 


308025 


23-5584 


598 


357604 


24-4540 


656 


309136 


23-5796 


599 


358801 


24-4745 


557 


310249 


23-6008 


600 


360000 


24-4949 


558 


311364 


23-6220 


601 


361201 


24-5153 


559 


312481 


23-6432 


602 


362404 


24-5357 
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A TABLE OF THE SQTJARES AND SQUARE HOOTS || 




OF NUMBERS 


.—Continued. 








From 1 to 1000 






«. 


^^^. 


S^u™ Herts. 


... 


Squ^s. 


Squ^Boote. 


603 


363609 


24-5580 


646 


417316 


25-4165 


604 


364816 


24-5764 


647 


418609 


25-4362 


605 


366025 


24-5967 ■ 


648 


419904 


25-4558 


606 


807236 


24-6171 


649 


421201 


25-4755 


607 


368440 


24-6374 


650 


422500 


25-4950 


608 


369664 


24-6576 


651 


423801 


25-5147 


609 


370881 


24-6779 


652 


425104 


25-5343 


610 


372100 


■240983 


653 


426400 


25-5539 


611 


373321 


24-7184 


654 


427716 


25-5734 


612 


374544 


24-7386 


655 


429025 


25-5930 


613 


375769 


24-7588 


656 


430336 


25-6125 


614 


376996 


24-7790 


657 


431649 


25-6320 


615- 


378225 


24-7992 


658 


432964 


25-6515 


616 


379456 


24-8193 


659 


434281 


25-6710 


617 


380089 


24'8395 


660 


435600 


25-6905 


61S 


381924 




661 


436921 


25-7099 


619 


383161 


24-8T97 


662 


438244 


25-7204 


620 


384400 


24-8998 


663 


439569 


25-7488 


621 


385641 


24-9199 


664 


440896 


25-7682 


622 


386884 


24-9399 


665 


442225 


25-7876 


623 


388129 


24-9600 


666 


443556 


25-8070 


624 


389376 


24-9800 


667 


444889 


25-8203 


625 


390625 


25-0000 


668 


446224 


25-8467 


626 


3918^ 


25-0200 


669 


447561 


25-8650 


627 


25-0400 


670 


448900 


25-8844 




394384 


25-0600 


671 


450241 


26-9037 




395641 


25-0799 


672 


451584 


25-9230 


630 


396900 


25-0998 


673 


452929 


25-9422 


631 


398161 


25-1197 


674 


454276 


25-9615 


632 


399424 


25-1396 


075 


455625 


25-9808 


633 


400689 


25-1595 


676 


456976 


26-0000 I 


634 


401956 


25-1794 


677 


468329 


26-0192 


635 


403225 


25-1992 


678 


459684 


26-0384 


636 


404496 


25-2190 


679 


461041 


26-0576 


637 


405769 


25-2389 


680 


462400 


26-0768 


638 


407044 


25-2587 


681 


463761 


26-0960 ■ 


639 


408321 


25-2785 


682 


465124 


26-1151 


640 


409600 


25-2982 




466489 


26-1343 


641 


410881 


25-3180 


684 


467856 


26-1534 


642 


412164 


25-3377 


685 


469225 


26-1725 


643 


413449 


25-3574 


686 


470596 


26-1916 


644 


414736 


25-3772 


687 


471969 


26-2107 


645 


416025 


25-3968 


688 


473344 


26-2297 
1.-, ^ 
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A TABLE OF THE SQUARES AND SQUARE BOOTS || 




OF NUMBERS.— GoHTiNUBD. 








From 1 to 1000 






N. 


^.^ 


BiuKBRmtt. 


«. 


Squi™. 


«,_^ 


689 


474721 


26'2488 


732 


535824 


27-0555 


6yo 


476100 


26-2678 


733 


537289 


27-0740 


691 


477481 


26'2869 


734 


538756 


27-0924 


692 


478864 


26-3059 


735 


540225 


27-1109 


693 


480249 


26-3249 


736 


541696 


27-1293 


694 


481636 


26-3439 


737 


543169 


27-1477 


695 


483025 


26-3629 


738 


544644 


27-1662 


69tt 


484416 


26-3813 


739 


646121 


27-1846 


697 


485809 


26-4008 


740 


547600 


27-2029 


698 


487204 


26-4197 


741 


649081 


27-2213 




488601 


26-4386 


742 


650564 


27-2397 


700 


490000 


26-4575 


743 


652049 


27-2580 


TOl 


491401 


26-4764 


744 


553536 


27-2764 


702 


492804 


26-4953 


745 


555025 


27-2947 


703 


494209 


26-5141 


746 


556516 


27-3130 


704 


495616 


26-5330 


747 


558009 


27-3313 


705 


497025 


26-5518 


748 


559504 


27-3496 


706 


498436 


26-5707 


749 


661001 


27-3679 


707 


499849 


26-5895 


750 


562500 


27-3861 


708 


501264 


26-6083 


751 


564001 


27-4044 


709 


502681 


26-6271 


752 


565504 


27-4226 


710 


504100 


26-6458 


753 


567009 


27-4408 


711 


505521 


26-6646 


754 


568516 


27-4591 


712 


506944 


26-6833 


755 


670025 


27-4773 


713 


508369 


26-7021 


756 


571536 


27-4955 


714 


609796 


26-7208 


757 


573049 


27-5136 


715 


511225 


26-7395 


758 


574564 


27-5318 


: 716 


512656 


26-7582 


759 


576081 


27-5500 


717 


514089 


26-7769 


760 


577600 


27-5681 


718 


515524 


26-7955 


761 


579121 


27-5862 


719 


616961 


26-8142 


762 


680644 


27-6043 


720 


518400 


26-8328 


763 


582169 


27-6225 


721 


519841 


26-8514 


764 


583696 


27-6405 


722 


521284 


26-8701 


765 


685225 


27-6586 


723 


522729 


26-8887 


766 


586758 


27-6767 


724 


524176 


26-9072 


767 


588289 


27-6948 


725 


525625 


26-9258 


768 


589824 


27-7128 


726 


527076 


26-9444 


769 


591361 


27-7308 


727 


528529 


26-9629 


770 


592900 


27-7489 


728 


529984 


26-9815 


771 


594441 


27-7669 


729 


531441 


27-0000 


772 


595984 


27-7849 


730 


532900 


27-0185 


773 


597529 


27-8029 


731 


534361 


27-0370 


774 


599076 


27-8209 















" 
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A TABLE OF THE SQUARES AND SQUAKE BOOTS j 




OF NUMBERS.- -Continued. 








Ffom 1 to 1000 






H. 


^u„.. 


Sqnare Kwls. 


N. 


^u^. 


S,„.«R..., 


775 


600625 


27-8388 


818 


669124 


28-6007 j 


776 


602176 


27'8368 


819 


670761 


28-6183 1 


777 


603729 


27-8747 


820 


672400 


28-6356 


778 


605284 


27-8926 


821 


674041 


38-6531 


779 


606841 


27-9106 


822 


675684 


28-6705 


780 


608400 


27-9385 




677329 


28-6880 


781 


609961 


27-9464 


824 


678976 


28-7054 


782 


611524 


27-9643 


825 


680625 


28-7228 


783 


613089 


27-9821 


826 


683276 


28-7402 


784 


614656 


28-0000 


827 


683929 


28-7576 


785 


616225 


28-0179 




685584 


28-7750 ] 


786 


617796 


28-0357 




687341 


38-7924 


787 


619369 


28-0535 


830 


688900 


28-8097 


788 


620944 


28-0713 


831 


690561 


28-8271 


789 


622521 


28-0891 


832 


692324 


28-8444 


790 


624100 


28-1069 






28-8617 


791 


625681 


28-1247 


834 


695556 


28-8791 


793 


627264 


281425 


835 


697235 


28-8964 


793 


628849 


28-1603 


836 




28-9137 


794 


630436 


28-1780 


837 


700569 


28-9310 


795 


632025 


28-1957 


838 


702244 


28-9482 


796 


633016 


28-2135 


839 


703921 


28-9655 


797 


635209 


28-2312 


840 


T-osooo 


28-9828 


798 


636804 


28-2489 


841 


70T2S1 


29-0000 


799 


638401 


28-2666 


842 


708964 


29-0172 


800 


640000 


28-2843 


843 


710649 


29-0345 


80X 


641601 


28-3019 


844 


712336 


29-0517 


802 


043204 


28-3196 


845 


714025 


29-0689 


803 


644809 


28-3373 


846 


715716 


29-0861 


804 


646416 


28-3549 


847 


717409 


29-1033 


805 


648025 


28-3726 


848 


719104 


29-1204 


806 


649636 


28-3901 


849, 


720801 


29-1376 


807 


651249 


38-4077 


850 


722500 


29-1548 


808 


652864 


28-4253 


851 


724201 


29-1719 


809 


654481 


28-4429 


852 


725904 


29-1890 


810 


656100 


28-4605 


853 


727609 


29-2063 


811 


657T21 


28-4781 


854 


729316 


29-2233 


812 


659344 


28-4936 


855 


731025 


29-2404 


813 


660969 


28-5132 


856 


732736 


29-2575 


814 


662596 


28-5307 


857 


734449 


29-2746 


815 


664225 


28-5482 


858 


736164 


29-2916 


816 


665858 


28-5657 


859 


737881 


29-3087 


817 


667489 


28-5832 


860 


739600 


29-3258 ! 



LiOOglf 
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A TABLE OF THE SQUARES AND SQUARE ROOTS 




OF NUMBERS.— Continued. 








From 1 to 1000 






No. 


s.^.. 


Sqa^e RMta. 


No. 


^u.^. 


^ua» Roots. 


'sei' 


741321 


29-3428 


904 


817216 


30-0666 


862 


743044 


29-3598 


905 


■ 819025 


30-0832 


863 


744769 


29-3769 


906 


820836 


30-3998 


864 


746496 


29-3939 


907 


822649 


30-1164 


865 


748225 


29-4109 


908 


824464 


30-1330 


866 


749956 


29-4279 


909 


826281 


30-1496 


867 


751689 


29-4449 


910 


828100 


30-1662 


g68 


753424 


29-4618 


911 


829921 


30-1828 


869 


755161 


29-4788 


912 


831744 


30-1993 


870 


756900 


29-4958 


913 


833569 


30 2159 


871 


758641 


29-5127 


914 


835396 


30-2324 


872 


760384 


29-5296 


915 


837225 


30-2490 


873 


762129 


29-5466 


916 


839056 


30-2655 


874 


783876 


29-5635 


917 


840889 


30-2820 


875 


765625 


29-5804 


918 


842724 


30-2985 


876 


767376 


29-5973 


919 


844561 


30-3150 


877 


769129 


29-6142 


920 


846400 


30-3315 


878 


770884 


29-6311 


921 


848241 


30-3480 


879 


772641 


29-6479 


922 


850084 


30-3645 


880 


774400 


29-6648 


923 


851920 


30-3809 


881 


776161 


29-6816 


924 


853776 


30-3974 


882 


777924 


29-6985 


925 


855625 


30-4138 


883 


779689 


29-7153 


926 


857476 


30-4302 


884 


781456 


29-7321 


927 


859329 


30-4467 


885 


783225 


29-7489 


928 


861184 


30-4631 


886 


784996 


29-7658 


929 


863041 


30-4795 
30-3959 


887 


786769 


29-7825 


Q30 


864900 




788544 


29-7993 


931 


866761 


30-5123 


889 


790321 


29-8161 


932 


898624 


30-5287 


890 


792100 


29-8329 


933 


870489 


30-5450 


891 


793881 


29-8496 


934 


872366 


30-5614 W 


892 


795664 


29-8664 


935 


874225 


30-5778 


893 


797449 


29-8831 


936 


876096 


30-5941 


894 


799236 


29-8998 


937 


877969 


30-6105 


895 


801025 


29-9166 


938 


879844 


30-6268 1 




802816 


29-9333 


939 


881721 


30-6431 


897 


804609 


29-9500 


940 


883600 


30-6594 




806404 


29-9666 


941 


885481 


30-6757 


999 


808201 


29-9833 


942 


887364 


30-6920 


900 


810000 


30-0000 


943 


889249 


30-7083 


i 901 


811801 


30-0167 


944 


891136 


30-7246 


eo2 


813604 


30-0333 


945 


893025 


30-7409 


903 


815409 


300500 


946 


894916 


30-7571 



Uooyjlc 
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A TABLE OF THE SQUARES AND SQUARE ROOTS || 




OF NUMBERS.— Continued. 








From 1 to 1000 






Ko. 


a^™™. 


aqORKRoota. 


NO. 


B^u™. 


aqmnBcote. 


947 


896809 


30-7734 


974 


948676 


31-2090 


948 


898704 


30-7896 


975 


950625 


31-2250 


949 


900601 


30-8058 


976 


952576 


31-2410 


950 


902500 


30'8221 


977 


954529 


31-2570 


951 


904401 


30-8383 


978 


956484 


31-2730 


952 


909304 


30-8545 


979 


958441 


31-2890 


953 


90S209 


30-8707 




960400 


31-3050 


954 


910115 


30-8869 


981 


992391 


31-3209 


9S5 


912025 


30-9031 


982 


964324 


31=3369 


956 


913936 


30-9192 


983 


966289 


31-3528 


957 


915849 


30-9354 


984 


968256 


31-3688 


958 


917764 


30-9516 


985 


970225. 


31-3847 


959 


919681 


30-9677 


986 


972196 


31-40Oa 


9G0 


921600 


30-9839 


987 


974169 


31-4166 


961 


923521 


31-0000 


988 


976144 


31-4325 


962 


92S444 


31-0161 


989 


978121 


31-4484 


963 


927369 


31-0322 


990 


980100 


31-4643 


964 


929296 


31-0483 


991 


982081 


31-4802 


965 


931225 


.31-0644 


992 


984064 


31-4960 


969 


933156 


31-0805 


993 


986049 


31-5119 


997 


935089 


31-0966 


994 


988036 


31-5278 


968 


937024 


31-1127 


995 


990025 


31-5436 


969 


938961 


31-1283 


996 


992016 


31-5595 


970 


940900 


31-1448 


997 


994009 


31-6753 


971 


942841 


31-1600 


998 


996004 


31-5911 


972 


944784 


31-1769 


999 


998001 


31-6070 


973 


946729 


31-1929 


1000 


1000000 


31-6228 
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TABLE OF SLOPES, fee.— 


For TOPOOBAPHT. 




VerltalRl* 


Horlmntal 




T8t««lKl8e 


Horizontal 


Degms. 








in IW feet 






borlmntal. 


riM^fmt. 






[iHOtlOfest. 


1 


1-75 


572-9 


19 


34-43 


29-0 


2 


3-49 


286-4 


20 


36-40 


27-5 


3 


S-24 


190-8 


21 


38-40 


26-0 


4 


6-99 


143-0 


22 


40-40 


24-7 


5 


"8-75 


114-3 


23 


42-45 


23-5 


6 


10-51 


95-1 


24 


44-52 


22-4 


7 


12-28 


81-4 


25 


46-63 


21-4 


8 


14-05 


71-2 


26 


48-77 


20-5 


9 


15-83 


63-1 


27 


50-95 


19-6 


10 


17-63 


56-7 


28 


53-17 


18-8 


11 


19-44 


51-4 


29 


55-43 


18-0 


12 


21-25 


47-0 


30 


57-73 


17-3 


13 


2309 


43-3 


35 


70-02 


14-2 


14 


24-93 


40-1 


40 


83-91 


11-9 


15 


26-79 


37-3 


45 


100-00 


10-0 


16 


28-67 


34-9 


50 


119-17 


8-4 


17 


30-57 


32-7 


55 


142-81 


7-0 


18 


32-49 


30-7 


60 


173-20 


5-7 


tt; 


»......«. 


^ 







Host..:[jvGoOgIf 



Host..:[jvGoOgIf 



CATALOGTTE 

PRACTICAL km SCIENTIFIC BOOKS, 



HENRY CAREY BAIRD, 

INDITSTBIAL PnBLlSHEIt, 

ITo- 4:Oe ■WT-A.X.N'XTT STREET, 

PHILADKLPHIA. 

1^ Any of the Books comprlseiJ In this Catalogiis wilt ba lent by mu'l.i 

^"This Catalogue will be sent, frea of postage, to any ona who will 
furnish the publisher with his address. 

A BKEHOATIS, AHOUBOITZ, aits JOHNSON.— the FKACnCil 

■°- DBATTQETBMAII'S BOOK OF IBDUBTBIAL SESIQB, AHS 

HAGBINIST'S AND ENQIITEES'B VBAVIBG COKFANION: 

Forming b, complete course of Mecbuiical Eagineeriiig and 
Architectural Drawing. From the Freqch of M. Armengaud 
the elder. Prof, of Design in the Conservatoire of Arts and 
Indastrj, Paria, and MM. Armengaud the younger and Amon- 
roni, Civil Engineers. Rewrittou and arranged, with addi- 
tional matter and plates, selcctioiis from and examples of the 
moat useful and generally employed mechanism of the day. 
By William Johnson, Assoc. Inst, C. E., Editor of "The 
PrEUJtical Mechanio'a Journal." ULuelrated by 50 folio steel 
plates and 50 wood-cots. A new edition, 4to. . $10 00 

ABBOWSHIIK.— FAPEB-HANQEB'S COSIFANION: 

A Treatise in which the PracUoal Operations of the Trade are 
8 jatematically lai<I down: willi Copious Directions Prepara- 
tory to Papering; PieventiTea against the £ffeot of Damp on 
WallB: the Various Cements and Pastes adapted to the Sbto- 
ral Purposes of the Trade; Observations &od Directions for 
the Panelliag and Ornamenting of Rooms, &o. By Jahs 
Akbowsmjif, Author of "AnalysiB of Drapery," &c. 12mo., 
doth ¥1 2G 
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8 HENRT CARET BAIRD'S CATALOaUB. 

pUED.— THE AHE^CAN COTTOK SPIBIIEB, AND VLiXA^ 

-" aER'S ASH CABIIEIl'3 OUUIE : 

A Practical Treatise dq Cotton Spinning; ^Ting the Dimen- 
siona and Speed of Machiaer;, Draaglit and Twist Cslcnla- 
tione, et«. ; with notices of recent ImproremeDls : togetlier 
irlth Rules and Exsmples for making changes in the sizes and 
nnmbers of Bovlag and rorn. Compiled from the papers of 
the late Robert H. Baibd. 12mo. . . . $1 1)0 

■DASEB.— LOHH-SPAIT EAIIWAT BBIDGE9i 

■^ Comprising InTestigations of the CornparatiTe Theoretical and 
Practical AdTantagea of the various Adopted or Proposed Tjpa 
Sjstems of Construction; nith numerous FotmultH and Ta- 
bles. By B. Baker. 12mo $2 00 

pAEEWELL.— AUAHTTAL OFELEOXSICITT— PBACTICALAUD 
■D THEOBETlCAl! 

Bj F. C, BAKKWEti, Inventor of the Copjing Telegraph, Se- 
cond Eitition. Revised and enlarged. IlliiBlrated by nume- 
rous engntTings. 12mo. Cloth . . . . $2 00 

pEAllS— A TREATISE OS BAILBOAD CUBTES AUS THE LO- 
" CATION OF KAUBOABB : 

By B. W. BiAKB, C. E. J2mo. (In press.) 

'pLEHKASN.— PRACTICAL BFECIFICATIOHS OF WORKS EXE- 
■^ CVTED IN ABCHITECTUBE, CIVIL AND MECHANICAL 

ENBINEEBINQ, AND IB ROAD MAKING AND SEWEB- 

INQ! 

To iihioh are added a series of practically useful Agreements 
and Beporta. By John Bu:)ieabii. Ulostrated by fifteen 
large folding plates. Sto $9 00 

-plINN.— A PRACTICAL WORKSHOP COMPANION FOR TIN, 
-" SHEET-IRON, AND COPPER-FLATE WORKERS : 

ContMuing Rules for Describing various kioda of Patterns 
need by Tin, Sheat-iron, and Copper-plate Workers ; Practical 
Geometry ; Mensuration of Sorfacea and Solids ; Tables of tbe 
Weight of Metals, Lead Pipe, etc. ; Tables of Areas and Cir- 
cumferences of Circles ; Japans, Varnishes, Laokera, Cements, 
Compositions, etc. eto. By Leboi J. Blink, Master Me- 
chanic. With over One Hundred Iltastratiocs. 12mo. $2 50 
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HENRT CARET BAIRD'S CATALOSTTB. i 

pOOTE.— MABBLE WOSKES'S lUBTIAL : 

Containing Practical Information respecting MarWea in gene- 
ral, their Cutting, Working, and Polishing ; Teneeiing at 
Marble ; Mosaics ; Composition and Use of Artificial Marble, 
Stuccoa, Cements, Receipts, Secrets, etc, etc. Translated 
from the French by M. L. Booth, With on Appendix con- 
cerning American Marbles. 12tD0,' cloth , . ¥1 60 
OOTH ANB UOBFIT.— THE ElICYOLOFEBIA 07 CEEHISTBY, 
PBACnCAL AND THEOBETICAL : 
Embracing its appIicatioQ to the Arts, Metallnrgy, Mineralogj, 
Geologj, Mgdiciae, and Pharmacy. By Jahgb C. Booth, 
Melter and Befiner in the United States Mint, Professor of 
Applied Chemistry in tbe Franklin Institute, etc., assisted by 
Campbell Mokfit, author of " Chemical Manipulations," etc. 
Seventh edition. Complete in one volume, royal 8to,, 978 
pages, irith numerous wood-cnts and other illustrations. fl6 00 

■pOWBITCH.— ANALYSIS, TECHHICAl VALUATIOH, PTJEIFr: 

^ CATION, AHD BSE OF COAL GAS: 

By Rev. W. R. BownircH. Illustrated with wood engrav- 



By Thomah Box. 12mo $2 00 

-nnCEHASTEB.— THE ELEKENTS 07 HECHAITICAL PHYSICS ; 

By J. C. BncKMAaiEH, late Student in the Government School 
of Mines ; Certified Teacher of Science by the Department of 
Science and Art; Eiaminer in Chemistry and Pbysics in tie 
Royal College of Preceptors ; and late Lootarer in Chemistry 
and Physios of the Royal Polytechnic Institute, Illustrated 
with numerous engravings. In one vol. 12mo, . $2 00 

-nOLLOCE^THE AKEBICAN COTTAGE BUILBEB : 

A Series of Designs, Plans, and Specifications, tram $200 to 
to $20,000 for Homes for the People; togetber with Warm- 
ing, Ventilation, Drainage, Painting, and Landscape Oorden- 
ing. By John Bdllooe, Architect, Civil Engineer, Mechani- 
cian, and Editor of "The Rudiments of Architectnre and 
Boildlng," etc. Illustrated by 75 engravings. In one vol. 
8to. $3 60 
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HENEY CABEY BAIRD'S CATALOQUB. 



For the use of Archil«cla, Builders, DraughtemeD, Machin- 
istB, Engmeers, and Meohftoios. Edited by Johs Bhilock, 
author of •' The American Collage Builder." Illustrated by 
250 eagravinga. In oae Tohime 8vo. . . . $3 60 

-DTISGH.— ?BACTICAL ILLUaTBATIONB OF UUII} AND JU- 

-" BINE ENBINES : 

Showing in detail the Modern ImproTcmenta of High and tow 
Pressure, Surface Condensation, and Super-heating, together 
with Land and Marine Boilers. By N. P. BFBan, Engineer. . 
ItluBtrated by twenty plates, duublo elephant folio, with test. 
$21 00 

-DITBGH.— PB&CIICAL Bin,EB FOB THE FBOFOBTIONS OF 

" HODEBIT EKGIITES AJTS BOILESS FOB LAND AND HA^ 
BINE PUBFOSES. 
By N. P. BcBoa, Engineer. ]2mo. ." . . $2 00 

'DUBaH.— THE BLXDE-VAXTE FBACTICALLY CONSIDERED i 
By K. P. BUBQH, author of " A Treatise on Sugar Machinery," 
"Practical Illnetratioiis of Land and Marine Eogines," "A 
Pocket-Book of Practical Eules foe Designing Land and Ma- 
rine Endues, Boilers," et<3. etc. etc. Completely illustrated. 
12mo $2 00 

'DYBN.—THE COKFLETE FBACTICAl BBEWEB : 

^ Or, Plain, Accurate, and Thorough Instructions in the Art of 
Brewing Beer, Ale, Porter, including the Process of making 
Bavarian Beer, all Uie Small Beers, such as Root- beer, Ginger- 
pop, Sarsaparilla-beer, Mead, Spruce beer, etc. etc. Adapted 
to the use of Public Brewers and Private FamilieB. By M, La 
Fatkttb Btbn, M. D. With iUastrationB. 12mo. $1 25 

-DYBN.— THE COMPLETE PBACTICAX DISTILLER: 

Comprising the most perfect and eiaot Theoretical and Prac- 
tical Description of the Art of Dislillatloa and Bectificntion ; 
including all of the most recent improvements in diBtilling 
apparatus; instmctions for preparing spirits from the nume- 
rous vegetables, ftTiits, etc. ; directions for tLe distillation and 
preparalion of all kinds of brandies and other spirits, spiritu- 
ous and other compounds, etc. etc. ; all of which is so simpli- 
fied that it is adapted not only to tbe use of extensive distil- 
lers, bnt for every farmer, or others who may wish to engage 
in the art of distilling. By M. La Patbttb Bykk, M. D. 
With numerous engravings. In one volumej ]2mo. $1 50 
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HENRY CAKET BAIRI)'8 CATALOGDE. ^ 

'DTBBE.— POCKET BOOS FOB BAUBOAB AlTD CIVIL EK&I^ 
■^ SIXES: 

Containiog I^ew, Exuct, and Concise Methods for Laying out 
Bailroad CurveB, Switches, Frog Angles and Crossinga; the 
Staking out of work; LeTelling; tlie Calculation of Cat- 
tings; Embanknieiita ; Ea«h-work, etc. Ej Oliyeb Byrne. 
lUuEtrated, ISmo., full bound £1 50 



By Olivei B'cittiH. niuatrated by 11 large plates and 185 
Wood Engravings. 8to SB 00 

"DYBin:.— THE ESSENTIAL ELEUEHTS 07 PBACTICAL HZ- 

^ CHAHIC8 L 

For Engineering Stoilents, baaed on the Principle of Work, 
6j Oliyeb Byxne. Illustrated bj Numerous Wood Engrar- 
bgs, ]2mo $3 63 

'pTBNE.—THE FBACTICAL METAI-WOBKEB'S ASSISTANT : 
Comprising Metallurgio Chemistry ; the Arts of Working alt 
Metals and Alloys ; For^ng of Iroo and Steel ; Hardening and 
Tempering; Melting and Mixing; Casting and Founding; 
Works in Sheet Metal; tite Prooesses Dependent on the 
Ductility of the Metals; Soldering; and the most Improved 
Processes and Tools employed by Metal-Workera. With the 
Application of the Art of Eleotro-Metallnrgy to Manufactu- 
ring Processes; collected tHm Original Sources, and from the 
Works of Holtiapffel, Bergeron, Leupold, Plnmier, Napier, and 
others. By Oliyee Bybne. A New, ReTised, and improved 
Edition, with Additions by John Scoffern, M. B , William Clay, 
Wm. Fairbairo, F. K. 8., and James Napier. With Fire Hun- 
dred and Ninety-two Engravings ; Illustrating every BraDch 
of the Subject. In one Tolume, 8to. 652 pages . $7 00 

-pTBNE.— te:e pbachcal model CALCTTLATOB: 

■^ For the Engineer, Mechanic, Manufacturer of Engine Work, 
Naval Architect, Miner, and Millwright. By Oliver Btbhh, 
1 volume, 8vD., nearly 600 pages . . . . $4 50 
rilBIHET MAKEH'8 ALBUM OF FUBHIXnEE i 
*^ Comprising a Collection, of Designs for the Newest and Most 
Elegant Styles of Furniture. lUuBtrafed by Forty eight Largo 
and Beautifully Engraved Plates. Id one volume, oblong 
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e HBNRY CARET BAIUD'S CATALOGUE, 

fJUVEKT.— lECTDBBS OS COAL-TAE COIOSS, ASD OH BE- 
^ CENT IHFBOVEKEinS ABD PSOGEEBS IS QYElSa ASD 
CALICO FBISIISG! 

Embodying Copious Notea taken at Hie last London Interna- 
tional Exhibition, and Illustrated teith Numerous Patterns of 
Aniline and other Colon. By F. Gkace C*,ltebt, F. R, S., 
F. C. S., ProfesBor of ChemiBtry at tho Koyal Institution, Man- 
chester, Caireapouding Member of the Royal Academies of 
Turin and Roaen; of the Pharaaocutioal Society of Paris; 
Soci^t^ Indnstrietie de Mulliouse, etc. In one Tolume, 8yo., 
cloth $1 50 

'IS.— A PRACTICAL TREATISE OS HECHASICAI ES- 

GISEEBISG: 

Comprising Metallurgy, Moulding, Casting, Forging, Tools, 
■Workshop Machinery, Mechanical Manipulation, Manufaotare 
of Steam-enpnea, etc. etc. With an Appendii on lie Ana- 
lysis of Icon and Iron Ores. By Feancib Campin, C. E. To 
■wliioh are added, Observationa on the Construction of Steam 
Boilers, and Remarks upon Furnaces uaed for Smoke Preven- 
tion ; with a Chapter on Eiplosiona. By R, Armatrong, C. E., 
and John Bonrne. Rules for Calculating the Change Wheels 
for Screws on a Turning Latbe, and for a Wheel-cutting 
Machine. By J. L\ Nicca. Management of Steel, inoiuding 
Forging, Hardoning, Tempering, Annealing, Shrinking, and 
Eipansion. And the Case-hardening of Iron. By O. Edb. 
Syo. Illustrated with 29 plates and 100 wood engrariiigs. 

*8 00 



With Instructions for Turning such works in Metal as may b* 
required in the Practice of Turning Wood, Ivory, eto. Also, 
an Appendii on Ornamental Turning. By Feabcis Campin ; 
with Numerous Illustrations, 12mo., cloth . . $3 00 

rilFBOS DG DOItE;.—DUBSAirCE.— BLUES ASS CABHIBEB OF 

^ IHDI80. 

A Practical Treatise on the Fabricadon of every Comtnercial 
Product derived from Indigo. By Felioiks Capron db Dole. 
Translated, with important additions, by Professor Hi, Dca- 
«ACCE. 12mo $2 60 
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HENRY CAREY BAIRD'S CATALOaUB. T 

piEET.— THE WOEKS OP HEUET C. CABEY: 

CONTaACTION OK EXPANSION? REPUDIATION OR RE- 
SUMPTION! Letters to Hon. Hugh McCulloch. 8yo. 38 

FINANCIAL CRISES, their Caases and Effects. 8yo, paper 

25 

HARMONY OF INTERESTS; Agricultural, Manufacturing, 

and Cammermal. 810., paper $1 00 

Do. do. cloth . . . «l 50 

LETTERS TO THE PBESIDENT OF THE CNITED STATES. 
Paper 51 04 

MANUAL OF SOCIAL SCIENCE. Condensed from Carej's 
"Pnneiplea of Social Science." Bj Kaib McEgan. I toI. 
12mo, ?2 25 

MISCELLANEOUS WORKS: comprising "Harmony of Inter- 
esta," "Money," "Letters to the President," "French and 
American Tariffs," "Financial Crises," "The Way to Outdo 
England without Fighting Her," " Resources of the Union," 
"The Public Debt," " Contmotion or Eipaneion," " Review 
of the Decade 1857 — 'C7," " Eeconstruotioa," etc. etc. 1 vol 
8to., doth $4 50 

MONET: A LECTURE before the N. Y. Geoeraphical and Sta- 
tistical Societj. Sto., paper 25 

PAST, PRESENT, AND FUTURE. Sto. . . . $2 60 

PRINCIPLES OF SOCIAL SCIENCE. B volumes 8vo., cloth 
$10 00 

REVIEW OF THE DECADE 1857— '67. Sto,, paper 38 

KECONSTBUCTION: INDUSTRIAL, FINANCIAL, AND PO- 
LITICAL. Letters to the Hon. Henry Wilson, U. S. S. 8to. 
paper . . 88 

THE PUBLIC DEBT, LOCAL AND NATIONAL. How to 
provide for its discharge wbile lessening the burden of Taxa- 
tion. Letter to David A. Wells, Esq., U. S. Revenue Commts- 
eioD. Svo., paper 25 

THE RESOURCES OF THE UNION. A Lecture read, Dec. 
1865, before the American Geographical and Statistical So- 
ciety, N. T., and before the American Association for the Ad- 
vancement of Social Science, Boston ... 25 

THE SLATE TRADE, DOMESTIC AND FOREIGN; Why it 
Exists, and Hov it may be Extinguished. I2mo., doth $1 50 
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8 HENRT CAREY BilRWS CATALOGUE. 

THE WAY TO O0TDO ENGLAND WrrnOCT FlaUTING 
BER. Iiettere to tbe Han. Sahayler Colfax. Svo., paper 75 



It forms nbich oao Tie given to them for tba 
purpoaee of Maolj^le^?, such as Uill-irork and Clonk-woib. Trana- 
Uted from tha French ol M. Camus. Bj John I. Hawkjns. 

lUiulraled b; 10 platsa. 8vo $3 00 

nLOUQH.— THE CONTEACTOB'S KASTTAL Am) BTTILSES'S 
^ PRICE-BOOS r 

Pesigned to elucidate tlie metliod of ascerttuning, correctly, 
the valofl and Quantity of eyery descriptioo of Wort and Ma- 
terials used in the Art of Building, from their Prime Cost in 
any part of the United States, collected from eatenfiiTe expe- 
rienee aod observation !□ Building and Designing; to -which 
are added a large variety of Tables, Hemoranda, etc., indis- 
pensable to all engaged or ooDcemed in erecting bulldinga of 
any kind. By A. B. Clodob, Arohiteet, 34mo., eloth T5 

pOLBITSII.— THE OAS-WORES OF ViSDOTS: 

Comprisiog a sbetcb of the Oaa-iTorks of the oity. Process of 
UaDufaclnre, Quantity Produced, Cost, Profit, etc. By Zebab 
CoLBiiBJi. &V0., cloth 75 

rjOLBITEN,— THE LOCOMOTIVE EHfllHE: 

Including a Deseriptioo of its Structure, Rnles for Estimftt- 
ingits Capabilities, and Practical ObBervations on ila Constmo- 
tion and Management. By Zehah Colbbks. Illustrated. A 
new edition. 12mo. $1 2& 

mLBITRir AITS HAW.—THE WATER-'WORES OF LONSOHi 
Together with a Series of Articles on various other Water- 
xorks. By. Zebah CoLBtrns trad W. MaW. Reprinted from 
"Engineering," In one volume, 8to. . . $1 00 

-nLOITERREOTYflST AUD PHOTOQBAPHE&'S COKPANIOIT: 

^ 12mo., clotli $1 25 



From the French of M. DnPLAii, Translated and Edited by U. 
McKeshib, M. D. lUustraUa. avo. {Inprsu.) 
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ftBRRT CAREY BAIRD'B CATALOGUE. S 

ITGSSOTE.— STEEL, ITS lUmTPACTlraE, PSOPESXIES, AND 

■" vsz. 

By J. B; J. Drssoth, Mannfaoturei- of Steel; with an Intro- 
duction and Notes by Ed. Gbatsn, Engineer of Mines. 
TraDslated from the French. In one volame, 12mo. (Id press.) 

■niaCKS.— PEHPETDAL UDTI&B: 

■^ Or Search for Self-Motive Power during the 17th, ISth, and 
19th centuries. Illuetrated from yarioos authentic SonroeH in 
Papers, Eesays, Letters, Paragraphs, and numerous Patent 
SpeciScations, with an Introdnctory Essay by Hbhui Dihcks, 
C. B. Illustrated by numerous engravings of machines, 
12mo., oloth $3 60 

-nlZOir.— THE PSACTIOAL MILLWBIGHT'S ABD EFQIITKEB'S 

■^ OXriDE! 

Or Tables for Pbding the Diameter and Power of Cogwheela ; 
Diameter, Weight, and Power of Shafts ; Diameter and Strength 
of Bolts, et«. etc. By Tbohab Dixon. 12mo., clotli. $160 

■nUHCAM.— PBACTICAL BUBTEYOK'S GUIDE: 

Coataining the necessary iDfomiatioa to make any person, of 

common capacity, a finished land surveyor without the aid of 

a teacher. By Ahdbew Dcncam. IllUBtrated. 12mo., cloth. 

$1 25 

TjUBSATTOE.— A MEW AHD COHPLETE TREATISE ON THE 
ABTB or TAN7IINC), OUBHYINO, AND LEAIHEB DBE8S- 
IHO: 

Couqirising all the DiscOTeries and Improvements made In 
France, Great Britain, and the United States. Edited from 
Notes and Documents of Messrs. Salleron, Gronvelle, Dnval, 
Dessabies, Labarmque, Payen, Ilen€, De Fontenelle, Mala- 
peyre, etc. etc. By Prof H. DcssincE, Chemist. Illustrated 
by 212 wood engravings, Bvo $10 IX) 

■nUBSATJCE.— A GEITEBAI. TSEATISE ON THE Iff ANTJFACTUEE 

■^ or ETEBT DESCEIPTIOK OP SOAP: 

Comprising the Chemistry of the Arl, with Reraarlts on Allta- 
Ijes, SaponiGable Fatty Bodies, the apparatus necessary in a 
Soap Factory, Practical Instructions on the manufa«tnre of 
the variouH liinda of Soap, the assay of Soaps, etc. etc. Edited 
trom notes of LarmS, Fontenelle, Malapeyre, Dufour, and 
others, with large and important additions by Professor H. 
DDsst.ucB, Chemist Illastrated. In one volume, 8vo. 

$1B Ot 
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1» HENRT CARET BAIRD'S CATALOGUE, 

'nnssAtrcE.— A fkactical guide fob the FEBFUHES: 

Being a Kew Treat[se on Ferfnmer; tbe moat favorable to the 
Beauty without being injnrions to the Healtli, comprising a 
Description of tlie substancea uaed in Perfnmerj, tbe Form- 
u1fe of more than one thousand Preparations, each as Cosme- 
tics, Perfumed Oils, Tooth Powdera, Waters, Eilraots, Tino- 
tnres. Infusions, Vinaigres, Essential Oils, Paetela, Creams, 
Soaps, and many nev Bygienio Products not hitherto described. 
Edited from Notes and DocumentB of Messrs. Debaj, Lunel, 
etc. WithadditionabyPrnfeisaF H. Dussadce, Cbsmist. 12mo. 
press, ihoTih/ to he isetied.') $3 OO 

■n^BSAUCE.— PBACTICAl TEEATIBE OK THE FASEICATION 
-" OF MATCHES, QW OOTTOIT, ASD FULMIEAII1T8 FOW- 
DEBS. 
By Professor H. Dd83adcb. 12mo. . . . $3 OO 



Oomprisiug the yariona methods, by ths slow and the quick pro- 
flSBBBS, with Alcohol, Wine, Grain, Cider, and MolasBea, as weU 
aa the Pabrioation ot Wood Vinegar, eto. By Prof. H. Dobsaucb. 
i2mo. ilttprtia.) 

T\^ aSAPF.— THE GEOXETBICAL 3TAIB-BUn:.T)E3S< OUinE: 

Being a Plun Fraotiool System of Hand- fiat ling, embraoing all 
its nooeasary Details, and Geomelrioslly Ulnatrated by 22 St«ei 
Engravings ; together with the use of the moat approTad princi- 
pies of Fractieal Oeomftry, By Simon Db QairF, Arohitcot. 
4to $& DO 

TtYEB AND COLOB-MAKEB'S COUPAKIOIT : 

Containing upwards of two hundred Receipts for making Co- 
lors, on the moat approved prinolples, for all the various styles 
and fabrics now in existence ; with the Seonring Process, and 
plain Directions for Preparing, Washing-off, and Finishing the 
Goods. In one vol. 12mo. $1 25 

r<AaTOS.— A FBAOnCAL XBEAIISE OH 8TBEEI OE HOBSE- 

■" POWER BAILWAYS : 

Their Location, Cocstraotlon, and Management ; with Qeneral 
Plans and Rules for their Organiiation and Operatioii! toge- 
ther with EiBtninatioQB as to their Comparative Advantages 
over the Omnibus System, and Inquiries as to their Value for 
Investment ; joolading Copies of Municipal Ordinances relat- 
ing thereto. By Aleiahdkb Eastos, C. E. Ilinstrftted by 28 
plates, 8vo., oluth $2 00 
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r>3BSYTH.— BOOK OF DESIORS FOR HEAS-SIOHEB, UITBAX, 
-*- AND OTHER UOirJUEirTS : 

Contftining 78 Elaborate and UsquisHs DeaigiiB. By FoKSTTa. 

pAIBBAIBH.— THE FBIlTCIFLEEl OF VSCBASISX ASD UA- 

■^ CHIITEZY OF TBANSUISSIOIT : 

Cumprising the Principles of MeohaniBm, Wheels, and Pulleys, 
Strength and Proportions of Shafts, Couplinga of Shafts, and 
Engaging and Disengaging Gear. By William Faiebaien, 
Esq., C. E., LL. D., F. R. S.. F. G. S., CorreBpontling Member 
of the National Inatitote of France, and of the Royal Academy 
of Turin ; Chevalier of the Legion of Honor, etc. etc. Beau- 
tifully illustrated by over 160 wood-outs, InoneToluni8l2nio. 
$2 60 

pAIEBAIHK.-.PEIME-MOVEEB ! 

Comprising the Accumulation of Water-powfer; the Construc- 
tion of Water-wheela and Turbines; the Properties of Steam; 
the Varieties of Steam-engines and Boilers and Wind-mills. 
By WiiLiAM Pairbairn, G. E., LL. D., P. R. 8., P. G. 8. Au- 
thor of "Principles of Mechaoiam and the Machinery of Trans- 
mission." With Numerous lUastrattotis. In one Tolume^ (In 

pLAHK.—A FEACTICAI QITIDE TO THE COITBTSUCTIOir OF 
-'' ECOKOHICAL KEATIBQ AFFLICATIONS FOB SOLID AND 
GASE0IF8 FUELS: 

With the Application of Concentrated Heat, and on Waste 
Heat, for the Use of Engineers, Archilecta, Stove and Pumaoe 
Makers, Manufacturers of Fire Brick, Zino, Poroelain, Glass, 
Earthenware, Steel, Chemical Products, Sugar Kefiners, Me- 
tallurgists, and all others employing Heat. By M. Piebbb 
Flahh, Manufacturer. lUuetrated. Traoslated item the 
Frencli. One Tolnme, 12ino. (In press. ) 
nllBABT.— A PEACTICAI TAEATIBE OB BAITSIKQ: 
^ By Jakes William Gilbast. To which is added; The Na- 
tional Bahk Act as mow (1808) in fokce. 8to. $4 50 
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mXHIC AISUM FOB CABIBET HAXXSS : 

Comprising a ColUctioD of Designs for Gotiio Furnitnre. 11- 
luBtrated by twenty-three large and beautifullj engraved 
plates. Oblong $3 OO 



ByE. B. Ghakt. 12mo •$! 25 

nS£aOBT.--MATHEMAncs FOE FBACTISJLL HEKi 

Adapted to tho Purauits of Surreyors, Architects, •Mechanicfl, 
and Civil EDgiDeerH. Bj Oiintbdb Gbeqobt. 8yo., plates, 

cloth . . . $3 00 

Q.B1SW0ID,— EAILEOAD EHaiKEEE'B POCKET COKPAITIOK. 
Comprisiiig Eules for Calculatiug Deflection Distances and 
Angles, Tangential Dislanoea and Angles, and all Neoeasary 
Tables tor Engineers ; also the art of Levelling from Prelimi- 
nary Surrey to the Conetroction of Eailroads, intended Ex- 
pressly for tiie Young Engineer, together -with Numeroaa Valu- 
able Rulea and Esamplea. By W. Geiswold. 12roo., tucks. 
91 50 
.TTETTIEa.— METALLIC ALLOYB r 

Being a Practical Guide to their Chemical and Physical Pri>- 
perties, their Preparation, Composition, and Uses. Translated 
from the French of A. GnETTiEB, Engiaeer and Director of 
Founderies, anthor of " La Fouderie en France," etc. etc. By 
A, A. FBSdDET, Chemist and Engineer. In one volume, 12mo. 
(In press, shortly to be pubUihed.) 



ff 



q-ATS Aim TELTIHQ'. 

A Practical Treatise 

Hatter. Illustrated by Drawings of Machinery, &c., 8'0. 

-niAT.— THE VSTEBiaS. DECOBATOB: 

The Laws of Harmonious Coloring adapted to Interior Decora- 
tions: ■with a Practical Treatise on House- Painting. By D. 
B. Hay, House- Painter and Decorator. Ulastrateii by a Dia- 
gram of the Primary, Secondary, and Tertiary Colors. 12mo, 
$2 26 

TTTTOHES.— AVEBICAB HIIXEB AND HILLWBIQflTS A8- 

"■ SISTAHT: 

By Wh. Cabteb HnonES. A new edition. In one volume. 
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HENRT CARET BilBD'S CATALOOOE. 13 

TTTJHT.— THE PEACnOE OP PHOTOGEAPHY. 

Bj RoBEBT Hunt, Vice-Preaiiieat of the Photographic Society, 
London, with numerous iilustrations. 12mo., cloth 7& 

-A EAin)-B0OE FOE ABCHITECTCRAL SUETETOSS ; 
Comprising Formulte useful iu Designing Builder's nork. Table 
of Weighta, of tie materials used in Building, Memoriuida 
coDnected with Builders' work, Meuturalion, the Practice of 
Builders' Measurement, Contraats of Labor, Valuation of Pro- 
perty, Summary of the Practice in Dilapidation, etc. etc. By 
J. F. Hdebi, C. E. 2d ediUon, pocket-book form, full bound 
$2 50 
,TIS.— BAItWAT PKOPEETY: 

A Treatise on the Construction and MaDagement of Kallwaya ; 
designed to afford useful knowledge, in the popular style, to the 
holders of this class of property; as well as Kailway Mana- 
gers, Officers, and Ageols. By Johh B. Jebvis, late Chief 
Engineer of the Hudson River Railroad, Croton Aquedact, &o. 
One Tol. liimo., cloth $3 00 



Applicable to Steam Navigation and to other purposes. By 
Walter R. Johnson. With numerous illastrations. 607 pp, 
8vo„ half morocco $6 00 



American and Foreign Coals. By Waltee R. Johnsoh, Civil 
and Mining Engineer and CJiemist. Gvo. ■ . . $2 00 



By J. W. F. JoBBsTON. 12mo 88 

ITZEKE.— A HAITD-BOOK OF PEACTICAL QA.TJ6ISQ, 

For the Use of Beginners, to which is added A Chapter on Dis- 
tillaUon, desoribiug the process in operation at the Custom 
House for aacertduing tie strength of wines. By Jaues B. 
Kkenb, of H. M. Customs. 8vo. . ... $1 26 

ITENTISH.— A TSEATISB OK A BOX OF IHSTBITHEin'S, 
■^ And the Slide Rule ; with the Theory of Trigonometry and Lo- 
garithms, including Practical Geometry, Surveying. Measur- 
ing of Timber, Cask and Malt Gau^ng, Heights, and Distnnces. 
By TnoMAH Kentish. In one volume. I2mo. $1 25 
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ii HENRY CARET BAIRD'S CATALOaTTB. 

7-OBEIL,— EBm.— SIHEBAIOaT BIMPLHTES ; 

A short method of Determining and Clasaifjing MineralB, by 
means of simple Chemical Eiperimeiits in Uie Wet Way. 
Translated from the last German Edition of F. Voh Kobeii, 
with an IntrodnctioQ to Blowpipe Acalysia and other addi- 
tions. Bf HcNal Ebni, M. D., Cbief Chemist, Department of 
AgiionlCure, author of " Coal Oil and Petroleum." In one 
Tolume, 12mo. $2 60 



Or a Complete Treatise on the Bnilding of Condoita for Water 
for Cities, Towns, Farms, Country Residencea, Worksiiopa, etc. 
Comprising the means neocssarj for obtaining at all times 
abundant supplies of Diiukable Water. Translated from 
the French of M. Jules Latfinkur, C. E. IIluBtrated. (In 

T AFFIinniE.— A TREATISE ON THE C01T8TBUCTIOK OF WA- 

^ TEB- WHEELS : 

Containing the TariouB Syatems in use with Praotical Informa- 
tion on the Dimensions necessary for Shafts, Journals, Arms, 
etc., of Water- wheels, etc. etc. Translated from the French 
of M. Jules Laffinecb, C. E. Illustrated by numerous 
plates. (In press.) 

T ABDBDT.—A TBEATIBE OS STEEL: 

Comprising the Theory, Metallurgy, Praotical Working, Pro- 
perties, and Use. Translated from the French of H. C. Lajj- 
DBiN, Jr., C. E. By A. A. Fesqcet, Chemist and Engineer. 
Illustrated. 12mo. (3 DO 

T ABEIK.— THE FEACTICAL BKA8S ASD IBOIT FOUNSEB'S 
■'-' 6D1DE: 

A CoDciee Treatise on Brass Founding, Moulding, the Metals 
and their Alloys, etc. ; to which are added Recent ImproTe- 
mente in the Manufacture of Iron, Steel by the Bessemer Pro- 
cess, etc. etc. By James Lagbis, lata Conductor of the Brass 
Fonodry Department in Reany, Heafie & Co. 'a Peon Works, 
Philadelphia. Fifth edition, revised, with Estensive addi- 
tions. In one Tolame, 12mo $2 25 
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T EATITT,— 7ACTS ABOUT FEAT A8 AK A2TICIE 07 FUEL: 

'Witb Remaika npoa its Origia and Compo^UoD, the Looalitiei 
in wbicli it ia fonnd, the Methods of Preparation and Manu- 
facture, and the Tftrious Uses to -which it ia applicable; toge- 
ther frith many other matters of Fractical and Scientific Inte- 
rest To which is added a chapter on the UtUizatioo of Coal 
DuBt ffith Peat for the Production of an Excellent fnel at 
Moderate Cost, eapeoiallj adapted for Steam Service. By H. 
T. Leatitt. Third edition. 12iuo. . . . Jl 75 

TEBaOZ^A FBACTICAL TBEATISE OIT THE lUinr7AC> 

^ TUBE OF WO&STEDB A»D CABDED TASKS: 

Translated from the FroQch of ChableS Lehoitx, Machanioal 
Englnaar, and Superintendant of a Spinning Mill. By Dr. H. 
Paihb, ani A. A. FaaqDET. Illostrated b; 12 targe plates. In 
one Tolams Svo $S 00 

TESIIE (MIBS).— COMPI.ETE COOEEBT: 

Direotiona for Cookery in its Various Branches. By MiBS 
Leslib. 68th thousand. Tboroughiy reviaed, with the addi- 
tion of New KeceiptB. In 1 toI. 12mo., cloth , . f 1 25 

TESIIE IHISS). LADIES' HOUSE BOOS: 

a Manual of Domestio Economy. 20th revised edition. ]2mo., 
cloth $1 25 

TESLIE (inSE).— TWO EUIIDBED BECEIFTS IK EBERCS 



12mo 60 

T lEBER.— ASSATEB'S dUIDE: 

Or, Practical Directions to Assayera, Miners, and Smelters, for 
the Teats and Assays, by Heat and by Wet Processes, for the 
Ores of all the prtnoipal Metata, of Qold and Silver Coins and 
Alloys, and of Coal, eta. By Oscab M. Liibbb. 12mo., cloth 
$1 25 
T OTE.— THE AST OF DTEIHO, CLEAKIKQ, 8C0IFBIIIO, AND 
FIKJ^HIKQ : 

On the most approved English aud French methods; being 
Practical Instructions in Dyeiog Sills, Woollens, and Cottons, 
Feathers, Chips, Straw, etc.; Sconring and Cleaning Bed and 
Window Curtains, Carpets, Ruga, etc.; Frtneh and English 
Cleaning, etc. By Tnoiria Love. Seoond Amerioan Edition, to 
which are added Oeneral Inftructiona for the Use of Aniline 
Colors. Svo 5 10 
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And Eiamination Papsrs ; with lilntB for their Solution, liy 
Thouas J. Main, Professor of MalLematios, Royal Naval Col- 
lege, and Thouah Bkown, Chief Engineer, R. H. 12nio., cloth 
$1 50 

I^AIK AMP BIU)WH.— THZ HTDICATOH AHB BTKAMOMETEE ; 
With their Praotioul Applicationa to the Steam- Engine. By 
TaOMAfl J. Main, M. A, F. R., Asa't Prof. Royal NiiTal College, 
PortBmoath, and Thomas Brown, Aasoo. Inet, C. E.. Chief En- 
pneer, R. N., attached to tha R. N. College. Illuslrated. 
From the Fourth London Edition. 8vo. . . . $1 50 

■M-ilH Am) BE0W5.— THE MARINE BTEAM-EITCHHE. 

"^ By Thomas J. Main, P. R. Ass't S. Mathematical Professor at 
Royal Naval College, and Thomas Brown, Aesoc. Inst. C. E. 
Chief Engineer, R. N. Attached to the Royal Naval College. 
AithorB of " Questions connected with the Marine Steam-Er 
gine," and the "Indicator and Dynamometer." With numi 
rons Illustrations. In one Tolume, 8vo. . , , $5 00 

lyrOIlTIllIEB.— THE PTBOTECHKIST'8 COMPAJnOH: 

■'*'■ Or, a Familiar Sjateni of Recreative Fireworka. By Q. W. 

UOHriBEii. Illaattatedl21ao. . . . . $1 25 

CoNTENTa — Introduction. Of Gunpowder, Materials, Appara- 

tns, Division of Fireworks, SiORle Fireworks, Rookots, Tables of 

Various Composition a. Compound Firoworks. 

lUrABTIII — SCEEW-CTFTTIHEI TABLES, FOR TEB USE OF HE- 

■'*'■ OHAinCAL EHGIHEEBS : 

Showing the Proper Arrangement of Wheels for Cutting the 
Threads of Screws of any required Pitch ; with a Table for 
Making the Universal Gas- Pipe Thread and Taps. By W. A. 
Martin, Engineer. 8vo, 50 

lUrlLES.— A FLAIIT TEEATISE OH H0B8E-SH0EIIT&. 

^^ With illustrations. By William Miles, author of "The 
Horse's Foot," ¥1 00 

-M-aLESWOBTH. FOCEET-BOOS OF TTSEFVL FOBMULX ASD 

-*"- HEUOBAKSA FOB CIVIL AND MECHANICAL EIIQI- 
SEEB8. 

By OntLroBD L. Molbswobth. Member of the Institution of 
Civil Enginoarfl, Chief Resident Engineer of the Ceylon Kail- 
way. Second American, from the Tenth London Edition. la 
one volume, full bouai in pocket-book form . . $2 00 
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a Book of Reference for Jndges, Lawyers, Magietratea, and 
others. By J. G. MoottH. 12mo., ciolh . - fl 25 

-KTAPIEB.— A BTSTEH OF CHEMISTBT AFFLIES TO DfECSQl 

■" By JiBHB HiPiEB, F. C. 8. A New and Thoronghlj ReTieed 
Edition, oompletely brought up to the prB^eoC etnte of ths 
Soienoe. inolnding tha Chemistry of Cool Tur Colors. By A. A. 
Fbsqdet, Chsmist and Enginsflt. With an Appendii on Dyeing 
and Calico Printing, as shown at the Paris Universal Eiposition 
of IS67, from the Reports of the International Jury, eto. Illus- 
tiat«d. Iq one Toliime8ro., 400 pages . . . . (& 00 

vr&pl£B_A. MAinrAL 07 DYEIH& BECXIFIS FOB OZSERLL 

" TTBE. 

By James Nafibh, P. C. S. With JVuma-ous Pattenu of Dyed 

Cloth and SUk. Second ediUon, rSTised and enlarged. 12mo. 

$3 T5 

JTAPI^.— MAinrAl or EIECrRO-MErAlLIIEGY! 

Including the Apptioatioa of the Art to Manufacturing Pro- 
cessea. By Jauss Hapikr, Fourth American, from the 
Foarth London edition, revised and enlarged. lUuatrated by 
engravings. In one volume, Svo f2 00 

'MTWBEBT. — QIEAKIKOS TBOH OSSAHEHTAI. AST 0? 

■^^ ETEET STYLE ; 

Drawn iVom Eiamples in the British, South EeDsington, In- 
dian, Crystal Palace, and other Museums, the EihihiUons of 
1B51 and 1862, and the beet English and Foreign works. In 
a series of one hundred eiqui^tely drawn Plates, cont^ning 
many hundred examples. By Robkbt Newbeht. 4to. tlG 00 

V-ICHOLSON.— A UAKUAL OF THE ABT OFBO0E-BIII11IN&'. 
Contuning full inatructions in the different Branches of For- 
warding, Gilding, and Finiahing. Also, the Ail: of Marbling 
Book-edges and Paper. By Jahes B. Nicholson. Illus- 
trated. 12mo., cloth ^2 25 

vrOBBIS.—A EAin>>BO0K FOB LOCOM OTIVE EFeilTSEBS AHD 

^ UACEIiriSTB ; 

Comprising the Proportions and Calculations for ConstrooUng 
Locomotives ; Manner of Setting Taivea ; Tables of Squares, 
Cubes, Areas, etc. etc. By SEPTiuoa IfoHais, Civil and Me- 
ohaniool Engineer. New edition. Itlustrated, ]2mo., cloth 
f2 00 
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For Nftval and Marine Eopneera. By Jobs W. Nybtbou, late 
Acting Chief Engineer U. S. N. Seconi edition, revised with 
additional matter. Illustrated by seven engravings. 12mo. 
$3 50 

n'lTEILL.— A DIcriOHAEY OF DYEHTB AITO CALICO PEIOT- 

" ISOt 

Containing a brief aai^ount of all the Substances and ProaesseB in 
use in the Art of Dyeing and Printing Textile Pabrio9 ; ntth Prao- 
tloal Reeeiplsand Scientifio Information. ByCaAHLES O'Nbili., 
Analjiioal Chemist; Felloir of the Oheniioal Society of London ; 
Uemberof Che Literary and Philosophical Society of Manchester ; 
Author of "Chemistry of Calico Printing ond Dyeing." To which 
is added An Eosaj on Coal Im Colors and their Applioation to 
Dyeing and Calico Printing. By A. A. Fesqubt, Chemist and 
Engineer. With an Appendix on Dyeing and Calico Printing, as 
shown at the Exposition of IS6T, from the Reports of the Inter- 
national Jurfi eto. In one Tolume Svo., 191 pages. $6 00 

nVEBKAN— OSBOSN.— THE HUUflTFACIiniE OF IBOS IK ALL 

^ ITS BE&HC&EB : 

Including a Practical Besoription of tlie various Fuels and 
their Values, the Nature, Determination and Preparation of 
the Ore, t!ie Erection and Management of Blaat and other Fur- 
naces, the chacaoteristio results of Working by Charcoal, 
Coke, or Anthracite, the ConTersion of the Crude into the va- 
rious kinds of Wrought Iron, and the Methods adapted to this 
end. Also, a Description of Forge Hammers, Boiling Miils, 
Blaet Engines, &c. &c. To which is added an EsEaj on the 
Manufacture of Steel. By Frederick Ovbrmak, Mining En- 
gineer. The whole thoroughly revised and enlarged, adapted 
to the latest Improvements and Discoveries, and the particnlar 
type of American Methods of Manufaotare. With variona 
new engravings illustrating the whole subject. By H. S. Os- 
BORN, LL, D. Professor of Mining and Metallurgy in La&y- 
ette College. In one volume, Svo. ¥10 00 

pURTEE, GILDEEl, AKD VABNISHEB'S COHFAmOR: 

Containing Enlea and Regulations in everything relating to 
the Arts of Fainting, Gilding, Varnishing, and Qlass Staining, 
with numerous useful and valuable Receipts; Tests for the 
Detection of Adulterations in Oils and Colors, and a statement 
of the Diseases and Accidents to which Painters, Gilders, and 
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VamisliBra are particularly liable, with the Bimplest methods 
of PreTention and Remedy. With Diractiona for Grtuniag. 
Marbling, Siga Wriling, and Gilding on Glass. To which are 
added Complete Instbcctions fob Coaob Paihtihq and Vab- 
NisaiNQ. 12mo., cloth . . . . . fl 50 

plLLETT,— TBE KILLER'S, mLLWRIOHTS, AND EBQI- 
USEE'S GUIDE, 
By IIemky Pallett. Illnstrated. In one vol. ]2iao. $3 00 

pSEEIHS.— 0A8 AUS testilatiok. 

Practical Treatise on Gas and Ventilation. With Special Re- 
lation to IlIuminatiGg, Heating, and Cilbiag by Gas. Inclad- 
iog SdentiGc Helps to Engioeer-Btadents and olhera. With 
illustrated Diagrams. By£. E. Pbhkins. 12n]o., cloth 4125 



Containing a Series of Tables shoning the Weight of Slabs and 
Piles to Produce Boiler Plates, and of the Weight of Piles and 
the Sizes of Bars to produce Sheet-Iron; the Thickness of the 
Bar Gauge in Decimals ; the Weight per foot, and the Thick- 
ness on the Bar or Wire Gauge of the fracUonal parts of an 
Inch; the Weight per sheet, and the Thickness on the Wire 
Gauge of Sheet-iron of Tarious dimeosions to weigh 112 lbs. 
per bundle ; and the conversion of Short Weight into Long 
Weight, and Long Weight into Short. Estimated and collected 
by G. H. pBBKiNs and J. G. Stowe . . . . $2 60 

-becosds of KunRa ahb 

br.Facts and Memoranda for the use of the Mine Agent and 
Smelter. By J. AaTHnn Phillips, Mining Engineer, Graduate 
of the Imperial School of Mines, France, etc., and John Dab- 
LisQTON. Illustrated by aumeroua engraTings. In one toI- 
nme, 12mo $2 00 



Contmningnotioeaof tjje Raw Material used in the Art, and the 
Best Formula. According to the most approved Methods fol- 
lowed in France, England, and the United States. By M. 
P. Peadai,, Perfumer Chemist, and M. F. Malepetbe. Trans- 
lated from the French, with extensiye additions, by Professor 
H. DcssADCB. ' Sto (10 00 



Host..:[jvGoOgIf 



HENRT CARET BAIRD'S CATALOGITB. 



By A. Photbaux, Civil Engineer, and Grailaate of the School 
of Arts and ftEanafactores, Director of Thiers's Paper Mi". 
'Puj-de-D6mi. With additions, bj L, S. Lb Nohmamd. 
Translated from the French, with Notes, bj HoniiTio Paine, 
A. B., M. D. To vhioh is added a Chapter on the Momifac- 
tnre of Paper from Wood in the United Statea, by Hhbb.t T. 
Beown, of the "AmerioanArtisan." Illustrated by sii plates, 
oontaitjiug DraiTingB of Raw Materials, Machiner;, Plans of 
Paper-Mills, ete.^. 8to ^00 

t>E0KAinT.— ELEHXITIS OF CHEHISTRt. . 

By M. V. REasAtTLT. Translated from the French by T. 
FoBnBST Bettoh, M. D., and edited, mth notes, by Jambb C. 
Booth, Melter and Refiner U. S. Mint, and Wm. L. Fabbr, 
Metallnr^st and Mining Engineer. lUastrated by nearly 700 
- wood engravings. Com|*i9iQg nearly 1500 pages. In two 
-volomea, 8to,, cloth tlO 00 

-pEID.— A PB&CTTCAI TREATISE OR THE SAirUFAOIITBE 0? 

■" POBTLAKD CEKENT : 

By Hkbbi- RKin, 0. E. To whioh is added a Translataon of M. 
A. I.ipowiti'8 Work, describing a new method adopted in Qsraiany 
of Mannfflatnring that Cemoat. By W. F. Rbid. Illustrated by 
{dates and wood eugraringa. Sro $7 00 

OHUHK,— A PEACTICAl THEATISE ON EAIIWAT OUBTES 

" .AHD LOCATJOH, POE TOUKG EHGIHEEEB. 

By Wm. F. Shcnk, Civil Engineer. 12nio. ., , $1 50 

QXEATON.— BBIIJISB'B POCKET COUPAmoiT: 

Containing the Flements of Building, SurveyiBg, and Arehi- 
tecture ; with Practical Rules and Inatructions connected with 
the subject. By A. C. Smkaton, Civil Engineer, etc. In 
one volume, 12mo $1 50 

qHITE.— THE DTSB'S IBSTBUOTOB: 

Comprising Practical lostruotions in the A0 of Dyeing Silli, 
Cotton, Wool, and Worsted, and Woollen Goods: oontaining 
nearly SCO Receipts. To which is added a Treatise on the Art 
of Padding; and the Printing of Silk Warps, Skeins, and 
Handkerchiefs, and the various Mordants and Colors for the 
different styles of such work. By David Smith, Pattern 
Dyer. 12mD., clolh (3 DO 
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QHUH.— PABE8 AHD FL£A8UaE &BOUIIIIS i 

Or Practical Botes on Country ResidenDes, Villas, FubHo 
Parks, and Gardens. B; Csables H. J. Shitb, Landscape 
Gardener and Qardeo Architect, etc. etc. 12mo. (2 25 

OTOEXB.— CABUTEI-aUXEB'S AHO VFHOUTEBEB'S COHFA- 

" Kl'OH : 

Comprising the EndiinentB and Prutciples of Cabinet-makiiig 
and Upholstery, Kith Familiar Instructions, Illustrated by Ex- 
amples for attaining a Proficiency in the Art of Drawing, as 
applicaUe to Cabinet-irork ; The Processes of Teneering, In- 
laying, and Buhl-work ; the Act of Dyeing and Staining Wood, 
Bone, Tortoise Shell, etc. Direotions for Lackering, Japan- 
ning, and Varnishing; to make French FotUh ; to prepare the 
Best Glues, Cements, and Compositions, and a number of Be- 
oeipls particniarly for workmen generally. By J. Stokks. In 
one vol. 12mo. ITith illustrations . . . . $1 25 

QTSEir&TH AKS 0TH2B PHOPBSTIES OF KEIALB. 

Reports of Eiperiments on the Strength and other Proper- 
ties of Metals for Cannon. With a Description of the Machines 
for Testing Metals, and of the Classification of Cannon in ser- 
Tice. By Officers of the Ordnance Department U. S. Army, 
By authority of the Secretary of War. Illustrated by 2S lai^e 
steel plates. In 1 vol. quarto |10 00 

rjiABLSS SHOWIRG THE WSIQBT 07 BOXTITD, SaUABE, AUB 
-'- FLAT BAE IBOIT, STEEL, ETC., 

By Measurement Cloth 63 

rrATLOB.— STATISTICS 07 COAL r 

Including Mineral Bituminous Substances employed in Arts 
and Manufactures i 'with their Geographical, Qeologioal, and 
Commercial Distribution and amount of Frodoction and Con- 
sumption on the American Continent. With Incidental Sta- 
tistics of the Iron Manufaoture. By R. 0. Taylob. Seoond 
edition, revised by S. S. Haldeuar. Illustrated by five Maps 
and many wood engravings. 8vo., cloth . . . $6 00 



With Instmofiye References relative thereto, for the Use of 
Engineers, Students, and others. By Wh. Isupleioh, Engi- 
neer. 12mo f 1 25 
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